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The NASA STI Program ... in Profile
Since its founding, NASA has been dedicated to ensuring U.S. leadership in aeronautics
and space science. The NASA Scientific and Technical Information (STI) Program plays
an important part in helping NASA maintain its leadership role.
The NASA STI Program provides access to the NASA STI Database, the largest collection
of aeronautical and space science STI in the world. The Program is also NASA's institutional
mechanism for disseminating the results of its research and development activities.
A number of specialized services help round out the Program's diverse offerings, including
creating custom thesauri, translating material to or from 34 foreign languages, building
customized databases, organizing and publishing research results.
For more information about the NASA STI Program, you can:
• Phone the NASA Access Help Desk at (301) 621-0390
• Fax your question to NASA Access Help Desk at (301) 621-0134
• Send us your question via the Internet to help@sti.nasa.gov
• Write to:
NASA Access Help Desk
NASA Center for AeroSpace Information '_
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934
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ANN: The first Applied Information Systems Research Program (AISRP) Workshop
provided the impetus for several groups involved in information systems to
review current activities. The objectives of the workshop included: (i) to
provide an open forum for interaction and discussion of information
systems; (2) to promote understanding by initiating a dialogue with the
intended benefactors of the program, the scientific user community, and
discuss options for improving their support; (3) create an advocacy in
having science users and investigators of the program meet together and
establish the basis for direction and growth; and (4) support the future
of the program by building collaborations and interaction to encourage an
investigator working group approach for conducting the program. For
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PREFACE
The first AppliedInformationSystemsResearchProgram(AISRP)Workshop providedthe
impetus for severalgroups involvedin informationsystemsto reviewcurrent activities.
Investigatorsrepresentingfifteenof the twenty-twoOfficeof SpaceScience and
Applications(OSSA)/InformationSystemsBranch(ISB)NASAResearchAnnouncement
awardswereinattendance. Attendeesalsoincludedrepresentativesfrom the Scienceand
Technologydivisions of NASA, directorsof NASA'sCentersof Excellence, specific
research institutes,and membersof theacademicandremote sensingarena.
-. The objectivesof theworkshopam outlined: -
• To providean open forumfor interactionanddiscussionof informationsystems
researchactivities.
• To promoteunderstandingby initiatinga dialoguewith the intendedbenefactorsof
theprogram, the scientificuser community,and discussoptions for improving their
support.
• Create an advocacyin havingscienceusersandinvestigatorsof the programmeet
together and establishthe basisfor directionand growth.
• Supportthefuture of the programby buildingcollaborationsand interactionto
encouragean investigatorworkinggroup approachfor conductingthe program.
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The workshop proceeded according to the agenda provide herein, (s_ Appendix,
attachment A). The first day was given to programmaticpresentations.
Joseph Bredekamp/NASA HQ, ISB,provided the overall context for the program.
Representadves of OSSA Science Disciplines and of the Office of Aeronautics, Exploration
and Technology reviewed current as well as planned data and information systems
activities, l:)msentations were also made on the Centerof Excellence in Space Data and
Information Sciences (CESDIS) and the Centerfor Aerospace and Space Information
Sciences (CASIS). These Centers work to encourage collaborations between government,
academia, and industry.
- Following this, presentations were made by the participating principal investigators of the
Applied Information Systems Research Program. In attendance to these presentations were
scientists, softwaze developers, program managers, technologists and computer systems
personnel. This diversity of audience allowed forevaluation of the broad issues regarding
use, development, and maintenance in information systems.
Presentations topics included visualization and associated analysis, data management
including distributed databases, and software tools for modeLing. Several presentations
highlighted remote sensing, software development, and high performance computing.
Many of the activities reported on axebased on e.'dstingand commercial products, but all
included advances in the field.
The final day of the workshop was devoted to discussions centered toward three key
--- topics; technology transfer options, technical issues and future interaction.
Te_hnolggy Transfer O0tions
This discussion yielded three different directions for information diffusion, specifically
across disciplines within OSSA, from OAET to OSSA, and across the broader science
community. Issues and options for each direction area differed.
Across disciplines within OSSA, consensus was made that the at-large science
community needs to be made aware of the tools and techniques under development for
the Applied Information Systems Research program. Several attendees suggested thatb
the transfer activity be made a formal, explicit part of theprogram. Some encouraged
OSSA to provide the infrastructure to support and disseminate results. Others suggested
that the technology transfer responsibility for results be made part of the NRA award.
OSSA to OAET
Workshop attendees agreed that a closer interaction between the two organizations was
needed, but the mechanism was unclear. Attendees agreed that OSSA should be the
'implementing' codn.
Broader Science CommuniN
m
All agreed that outreach is important. The_ was also agnmmcnt that many options am
already available, and need to be fully utilized. The group considered several other
options. It was sugg_tecl that the Computer Software Management Information Center
(COSMIC) at the University of Georgia be considered a candidam for functioning as the
software distribution mechanism for the agency
Discussion's of technical issues emphasized a variety of interchange issues. Further "
discussion of these topics and development of additional topics, was delegated to future _
splinter group discussions. Overall, the discussion emphasized the need to consider user
requirements, both cttrmnt and future, during the tool development.
f
-r
I
L
APPLIED INFORMATIONS SYSTEMS
RESEARCH WORKSHOP
FOLLOW-ON ACTIONS
Two near-termactions were identified. The first is to poll investigators to identify current
computing platforms being used, preferred mode of operation, etc. The second action is to
establish a set of test data.setsuites, to help compare and evaluate effectiveness of various
software tools.
Since this was the first meeting of the Applied Information Systems Research activity,
many of the continuing logistics aspects were discussed as well. The preferred format
seemed to be an annual meeting, with 'splinter group' sessions for specific topics or
subsets of the group to be included at the same meeting. As additional topics warrant,
interim 'mini workshops' should be convened as well.
Future meetings will continue to include both the science and project communities, as well
as investigators in the program. Future meeting sites will continue to require infrastructure
for demonstrations of tools (workstations, network access, etc.) In the interim, a network
bulletin board will be established for rapid and timely communications.
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JULY 22-24, 1991
BOULDERADO HOTEL
Boulder, Colorado
AGENDA
MONDAY. JULY 22.1991
11:30 a.m. Registration
I:00 p.m. Welcome and Logistics Elaine Hansen
I: 15 p.m. Program Overview Joe Bredekamp
2:00 p.m. Office of Space Science and Applications
Data Envimnmem and Futme Plans
-Earth Observing System Dam Martin Ruz_ek
and Information System
-PlanetaryDam System Randy Davis
-Astrophysics Dam Systems Alice Bertird
4:00 p.m. Office of Aeronautics,Exploration and Patti Hunter
Technology Information Systems Program
4:20 p.m. Center of Excellence in Space Data and Ray Miller
Information Sciences (CESDIS)
4:40 p.m. Center for Aerospace and Space Mike Flynn
Information Sciences (CASE)
5:00 p.m. Adjourn
APPLIED INFORMATION SYSTEMS RESEARCH WORKSHOP
JULY 22-24, 1991
BOULDERADO HOTEL
Boulder, Colorado
AGENDA
m
TUESDAY. JULY 23. 1991
8:30 ram. PrincipalInvestigatorPresentations
12:00 p.m. Lunch
I:00 p.m. PrincipalInvestigatorPresentations _
5:30 p.m. Receptionat the NationalCenterfor
AtmosphericResearch
WEDNESDAY..IULY 24. 1991
8:30 a.m. FlightProjectOfficeInformation PatriciaLiggett !r
SystemsTestbed (FIST)
8:50 a.m. IntelligentDamManagement
Bill Campbell
9:15 a.m. OpenDiscussion
-Wherewe go fromhere to work together
on program:potentialcollaborations,
subgroups, future workshops, etc.
-TechnologyTransferand Infusion
12:00 p.m. Adjourn
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• GridAnalysis and DisplaySystem(GRADS): Dr. J. Kinter
A PracticalTool forEarth ScienceVisnaliT_tion Univ. of Maryland
A DistributedSystem for Visualizingand Analyzing Dr. A. Jacobson
Multivariateand MultidisciplinaryData YPL
AdvancedData Visualizationand SensorFusion: Dr. R. Savage *
Conversionof Techniquesfrom MedicalImaging Hughes
to EarthScience
Developmentof an ExpertDataReductionAssistant Dr. G. Miller
STSCI
Systemof Experts for IntelligentDataManagement Dr. D. Goodenough(SEIDAM) CanadaCentrefor
RemoraSensing
Constructionof an AdvancedSoftwareTool forPlanetary Dr. R. Keller
AtmosphericModeling NASA/ARC
Knowledge-basedAssistancefor Scienceand Analysis Mr. T. Handley, Jr.
Using LargeDistributedDatabases JPL
Multi-LayerHolographicBifurcativeNeuralNetwork Dr.Hua-KuangLiu
SysmmsforReal-Tune AdaptiveEOSDataAnalysis IPL
LEGEND: *P.I. Presentationnot _ven/** P.L not in attendence
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(Afternoon Session) •
A Distributed Analysis and Visualization System for Model Mr. NLArrott
and Observational Dam Univ. of Rlinois "
An Interactive Eavironmcnt for the Analysis of Large Earth Professor K. Bowman *
Observation and Model Dam Sets Univ. of Illinois * *
A Land-Surfac_ Testbed for EOSDIS Dr. W. Emery
Univ. of Colorado
Geographical Information System for Fusion and Analysis of Mr. A. Frtmman
I-Iigh-Prrforman_ Remote Sensing and Ground Truth Dam YPL
Development of a Tool-Set for Simultaneous, Multi-Site Dr. Chakrabarti *
Observations of Astronomical Objects Univ. of CA/Berkeley * *
SAVS: A Space Analysis and Visualization System Dr. E. Szuszcz=wicz _.
Science Applications
International Corp.
PlmmtaryDam Analysis and Display System: Dr. S. Limaye
A Version of PC-McIADS Univ. of Wise.,
Madison
Intta-activeInterface for NCAR Graphics Mr. R. Lackman
National C_nter for
Atmospheric Research _€
The Development of Generic and Exmnsible Software to Mr. G. Goucher *
Support the Study of Spac_ Selene, Data NASAJGSFC * *
VIEWCACHE: An Incremental Database Actress for Automous Assoc. Prof.
Interoperable Databases NickRoussopoulosUniv. of MD
A Spatial Analysis and Modeling System for Environmental Mr. C. VcTmillion
Management NASA/GSGC
Introductiont CADET: CenterforAdvanct.-dDam EvaluationMs. CathySchulbach
Technology NASA/ARC
Topography from Shading and Stereo Professor B. Horn *
Multivariam Statistical Analysis Software Technolo_es for Mr. G. Djorgovsi_ _ -r :_
AstrophysicalResearchInvolvingLargeData JPL :__'
High Performance Compression of Science Dam Dr. :I. Storer *Brandeis Univ. * *
LEGEND: * P.I. Presentation not #yen/** P.I. not in artendenc=
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AppliedInlormationSystemsResearchProgram
sir ................. -......
WorkshopOb!ecl!ves
AppliedInlormationSystemsReserachProgram
Workshop
• Exchange information on slalus and plans of research eflorls
BoulderadoHotel
Boulder,Colorado • Inlllale dialog with OSSA science disciplines and giber related
NASA efforts
July22-24, 1991
• Eslabllsh basis for conducting program
- Means to lacilltlale communlcallonl and collaborallons
• Advocacy building
Technology transfer and Inluslon
- Fuluro directions
Joe Brsdekamp
"O Applied Information Systems Research Program Olllce of Space Science and Applicationsn J=,l =, ...........
o .
m ' InlormatlonSystemsSlrateqy
I"11
O - Objectivesel Workshop • Science discipline divisions provide plimary locus for discipline-
Z specific dale management syslems thai inlegrale projecl data plans
,'.*) and on-going research needs into total research capability
=0
• Ollice el SpaceScienceandApplicationsInlormation . Provide robust,multi-disciplineInfrastructure
rn Syslems Strategy
. Archileclure, policies, slandards, practices, elc. Io promote
i'D inleroperabilily and resource sharing
-'_ - Access to hlgh perlormance computing
• InlormationSystemsResearchandTechnology
andSystemsEvolution . Netwoik services
- Information services (directories. calalogues, etc.)0
-t
"91 • Apply and exploil advances In technology to evolve and enhance
Syslems capabilities
rlq
0
N
_J
_" InlormationSyslems Researchand Technology
and SystemsEvolution
--r_ .......... - ...................................
_g.j._,JLY_: Apply advanced Inlomtation systems technology as appropriate
to Improve supporl Io OSSA science programs
r;Jr,xg.gols: Applied research (tools and capabllilles, elc.)
Tesibed demonstralions and Insertalions
_Zg1.g.g£_: Broaden participation through open solicitations
Provide as parl of Iraslructurs capablllly to suppofl leslbeds,
rapid prototyping, etc,
Leaverege with related ellorte in NASA/OAET; NSF, sic.
_J_g.ll: Applied research program Initiated (you ere herel) and well-
received
Nexl sollcJlalJontargeted for Summer 1992
Issues/Oooortunltles:
Need to develop systematic process for technology transfer and
Inluslon
Sharpen research agenda Io focus lulure solicitations
I" 1 ! I
THE EARTH OBSERVING SYSTEM
DATA AND INFORMATION SYSTEM
Sara J. Graves
NASA
. CODE SED
Washington, D.C.
(202) 453-1103
I Ill"P '
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ms^ i.+..' +ca
Major System Drivers of I,',OSiIIS
P,lis++ionlife 151yearsThe Earth n..;_ouserv,nu e..,.+ysaemData ,.,er.+,,o..lpartners Japan. I'?urov.... Space.m.gefzcy
and Information System (EQSDiS) (m^,,.,,dt..,.,,+
Interdisciplinarw research Climate. hydroh,&'ic system.
bioge<_chemistry
Jlppgod lnlormallon Slalom IllaOllch WOlkahop Multidisciplinary reseagch lind. oceans, atmosphere
Bogldei, Co]gillie Mulliple instruments MODIS, ItlltlS, ITIR, SAFIRE ....
Multiple platforms EOS-A. EOS+B. EPOP.M. JI'OP. EI'OI'-N
Distributed system architecture GSFC. EI)C. Ldtt:. Jl'l.. ^.";F. M_I:C.
' HSIDC. investigator slice
Sill J. alrlVll Large number of users >500 AO scientists end thuusalldaorusera
Inllf :ll-S14. J991 Mazsivadata volume 50.000l_ytee
Massive data processing As much as 60 Mbps input. 500 Mbps
output
Metedata Comprehensive directory, catalogs.
_1_ inventories, a.d browse pruducla
7.. .at+- + =..; , .......
m nASA {+[+_j!1_+_+[+_K_i_il-+++_+_.,.,_.+.,,&+,mslamm++P,+i1 EOSi)IS Major Fu.tctio.ts
r_ EOSDIS ami Earth System Science
_-- EOSDIS is a pivotal part of the U.S. Global Change Mission planning, scheduling, and control
Research Program and the international effort to Instrument planning, scheduling, and control
understand how the Earth functions as a complete
0 system .... Effective resource management
-! Earth system science objectives require a data and Communications
"el information system that will Computational facilities at Investigator sites t.
_ (::)0.1___ Encourage multidisciplinary and interdisciplinary support research
investigations Production ofstandard data products
Combine data fi'om the EOS platforms with data Production ol'special data productsfi'om .thor age.tciea and nations (other satellites,
aircraft, in site operational and experimental datal Arehiving and distribution of data and researchresults
_)_ Integrate EOS inforntatian with inodcls ul'enviroa,netttal processes and global cltangu
........+ ....-=-=-+,.++,.+....... ....
"-4
£OSDIS Slrategy EOSDIS Ii|eseareh Users
Research users must abide by the stipulations outlined i,I a
Wozkruththeu_ss tomeetthe'.needs "Research Agreement"
UQk,d_a e_my_ceua_le J_ _.so_r.amen Publish in the open literature results of research basedin whole or in part on data obtained from EOS
IJ4_tadevelopmentlmmKU,_lellr Make available to the research community the derived
data. algorithms, and models at time of acceptance for
Use lessons le_'n_ll horn cuneni efforts publJca_on
)sad onexatm0amustractms Data used only for the researcher's bona fide research
purposes
uuazeopen.mst_ut_ _r.httoctms Data may be copied and shared among other researchers
provided that they are covered by a Research Agreement
_cave withadv_es tatecaa_og,/a_t rums_ncs or the researcher who obtained the data is willing to
take responeibility for compliance
m/_/_ __ __'r_mz_,r_rr_]t_u_ • EOSDIS Design lmpli_ations
Early EOSI)iS Objeetives
Provide increased utility to scientists ZOSDZSJ_one_t_m eventhough_.st_uted
Improve access to existing data sets wu_csme t_ _uzu_ _ gOSDIS •
Produce new research-quality geophysical
products _ newstepmouZd_tvm_e us tow=_ thetnte_medzoso,_
Provide i)etter metadataJdata services The [OSDL_ usels (zze the lese_xchezs, not the gonesa_ public
Maintain existing services aeaUto _a won as data mutt I_Jmchlved
Build EOSDIS infrastructure/unifying capabilities s_tsm muttbeevolvalaletosuxvive
Build working relationship between DAACs, _u_ u._ezneeds must leepamraountProject. and users
hnplemeut first communications links, standards, aewoadtoD_,C uso_w_xkmg_oup
etc. Thepa_o_ ts InImproved othc_oncy/e/Jecavenessof the ;ese<=zch
Prototypeltest/evaluateDIS elementsandstandards
Produce re_ulta to guide continuing development ,_
Adopt Earth system science vs. "Earth sciences" view _
- la_ ._l I IJ ,
-.....
"q _ l ill i
n_osnns n)AAcs _ What is the EOSDI5 Version O?
tL4-_ --- -
,.h..., 44.* Vezslon O hi Ihe dzsl mm_/aslQ_on _ £OS that _yone w/U
_. Vo.don O hi the WOtl,lng i:_rotol_ el H_A's Emth scio_o delta
r/atom
- Vendnn 0 hi SCFs, DAACs, natwmks, emd I_
N/_SA I .... ,-_--- n ,lln_ [] _' ........... , .
..°
•_ -:_ ::;,_=:,_=-:..-..._,_._-.,.,......o=.._.n,:,,,.,,.,u,,,,,,:,,,,,'.,u.,:.kWhyiS rOSDIS a Distributed System? lu_A __:__...i_._;:".,I..., tY:i_._-*:" :.._ .,._i"]__,;' _,_x_ _1:_]:
Early EOSDIS Patldinnder Ilnt-'t Sets
For eximUngdata important for global change
Level I data to active working storoee/aefu archive
Re_o_8 the dlsbl_uted ilcdl_o d g_th IK_OnCe€o(n.-nu_Jty Bdantiats (academic, agency) davelop/ael_ct
_ P_:ognLl_€ the ouJsL_ dlub_uUon _ assets Gnc_r_Ue8 &.ommumty-€o_aenaul ,dgorithms/productc
•,_ •Generate and validate the derived producta
'_ _;,"_ Pxovtdee for _vogsJty 4:)1styles in de[tel use Make data and productu ucceaaihle through Distributed ActiveArchive Ceuh:ra (DA_U=) and metadat',dbrowse .¢rvic_s by
._' Psovidas for muJUplo pzolatype| Information Management Syat_nn (|MS)
).._ L_smos caT)(_LUty to interface with extamc_ sysieml Working with NO,_, start with four data actsi_ AVIIRR--SST end vegctot_n products
_ GOFq- Product. TBD
%,_ TOV_---Vertical profile producta
SSbl/I--_a ice, precipitut*on, etc.
_.._ Othera TOD---,._:ience need_ to Jriva aclectio.
0
9
_)
• Version 0 - Version I
Time sccdoo_Vexslon0 j=hornnow uzz_
Ouxneeds requ_oVe_.sionI
O_ mecn_axeadequate to implement Vexr_onI
'lrsansittonbornVolzfoet0 to Verslo_ I should feel like a continuous
acUvtty
ZOSDI.Ibl _ evolutlona_ syzlem
I_:udwcne and J_twcgew_l be coning and going Iolevel
.5erv_otothe aornmu._tyL5i:_eservedby I_eingInstzlulJonczUze_
CQrlt/nuJty_ DAACs and netwock
Meet user exl:_atlons./Lsten to u._t adwce, and obeazn user
support
• I
v •
" AN OVERVIEW OF THE
PLANETARY DATA SYSTEM
o
RandyDavis
Univ.Of Colorado
• Boulder, Co
(303)492-6867
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An Overview of the 
Planetary Data System 
Old-Style Planetary Data Delivery 
P D S  
Praaanlad alms 
Applbd lnlormrrbn Syatarnm Rasruch Workshop 
by Randy Drvlm 
Unlvarmlly o l  Colorado 
Labor*lo~y lot Amoapharb and Spas* Phyakm 
12 July rSS1 
Modern Planetary Data Access 
n 
u-Yu.."m-r.,.Wnvl 
W - m w r *  A=., u r u  l""., 
m.os - - d * - r r u o r h w  O l h u  Sctsnll8l 
PO. -n.- O*. .I.... 
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N
i
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Sample Discipline Node (Atmospheres)
PDS Project Organization "?u coko._ o_1
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O NASA NEEDS TERAFLOPS (10'z} COMPUTATIONAL
CAPABILITIES TO ADDRESS GRAND CHALLENGES, TIlE
SOLUTIONS OF WHICH, ARE ESSENTIAL TO ACHIEVING
NASA'8 MISSIOIi
13 CONVENTIONAL APPROACHES WILL NOT PROVIDE THE
PE_b'=OflMANCENECESSARY TO SOLVE GRAND CHALLENGES IN
COMPUTATIONAL AEROSCIENCES, EARTH AND SPACE SCIENCES
AND REMOTE EXPLORATION AND EXPERIMENTATION
Q COMPUTATIONAL AEROSClENCES
a N41rEGRATEI),MULTIOISCIPLIHAR¥8IMULAIlONSOFAEROSPACE
VEHICLESTHItOUGHOU'IrTHEIR14_SIONpROFILES
O EARTH AND SPACE SCIENCES
o MULTIDISCMIIJNAR¥MODELINGANDMONITORINGOf THEEARTH
ANDIlrEGLOBALCHANGESAHDASSESSMENT8OFIIIEIRIMPACTOH
FUTUREIERV/ROHMENS"
Q REMOTE EXPLORATION AND EXPERIMENTATION
n EXTENDEO-DURAI1ON ItUMAH EXPLORAIIOH MISSION8 AND REMOTE
EXPLORATIONA DEXPERIMENTATION
k
I "'11 _,_ I ' ' IU I
EARTHAtt,DSPACESCIENCES COMPUTATIONALAERODYNAMICS
COMPUTER SPEED AND MEMORY REQUIREMENTS
_ DEMONSIRATE TIlE POTEI/TIAL 10 ADDRESS Tile GRAND CHALLENGES II COMPARED WIIH cOMPUTER CAPASILalE _1
iii IS-mln fltJHS WITH 198S ALGORIItlLISAFFORDED BY TEflAFL P5 SY$IEM PERFORMANCE ON SELECIIED
MUL TIDISCIPLItlAR¥ MODELING AHD MASSIVE OA TA IIAK_JLING APPLICATJOit q
i OBJECTIVES J ,I ,1 EIX)¥
SUPPORT Tile DEVELOPMENT OF MASSIVELY PARALLEL SCALABLE ' !_ SI4IJI__
MULT,IDISCJPLJHARY MODELS AND DATA PROCESSIHO AI.OORJTHM_I II I ;_
MAKE AVAILABLE PROTOTYPE SCALABLE PARALLEL ARCIMTECTURIEI AND I CRAY-|MASStVE DATA b'IORAGE 8¥$IEM8 TO EBB ltESE..IRCHER._ g • P..AAYYMP *AC ___, I
pflEPAflE 1NE SDFTWAflS ENVIRGHMEN'[8 TQ FACILITATE 8CMENTIFIG tl I
EXPLORATION AIIO Tile SIIAflUIO OF IIIPORMATIOH AND TOOLS i r_iDEVELOP DATA MANAGEMENT TOOLS FOR ltlGlf+SPEEO ACCES,_, MANAQEMEI/T
AND VISUALIZATION OF DATA WITH TERAFLOP<J O011PUT£RS tl ! _ __ Rk_+NOt_$AV[lU_+__O
DEMONSTRATIONS OF SCIENTB:IC AND COMPUIATIONAL IMPACI FOR E,J_RTII /, I_vlER STOKES
AND SPACE SCIEtICE APPLICATIO_I
• , w * ,c. _cP._rr
I OANDmATE APPLICATIONq I W.WU++G
COUPLED EARTII ATMOSPHERE sYIrlEMS BCIERCI A..t_rOa.
SPACE ANn SOLAR-TERRESTRIAl. PHTSICI tl S
ASTROPttYBICIi AND ASTRONOMY
liIOGEOCHEMICAL CYCLES AI,IO EvOLUTIONARy PROCESSES
PLANETARY EVOLUTIONAIIY PROCESSES 141 J, i' , , ,,I .... I .... I , • ,,I
ANALYSIS QI +MASSIVE DATA SSTI ACQUIRED IV NAIA IqROGRAMil 141 1414 14)l 14)I 14)l 141II 141S 141II l• II 141,II 141'11
COII.'PUlIIII u|i_, m
•,o *,!
,__ EARTH AND SPACE SCIENC__ES. .. ._.+.., ..._-_r_ COMPUTATIONALAEROSCIENCES _x_)_,.,,Hll t m i t t i
COMPUTIItG SPEED AND MEMORY REQUIREMENTS
to Idulll+TIiiJFl.OPSystem _ I _ DEVELOP RECES;LILRY COMPIJTATIONAL YECHRO4+OGY FOR THE NUMERICAl.Im
• COUFIedocsan41mo,phe_H_eqd_,: k_lerdO<_ddIxNl_l_l _ I SIMULATION OF OOMPLETE AEROSPACE VEItJCLES FOR BOTif DESIGN
" J;_J_HJ_J_ _ * €_O_ _1 I , OFIIMIZATIOII AND AHALYSIS THROUGHOUT "lINE FLIGIIT ENVELOPE.
III It . * ll_el,,ml¢hem IIImlpo+rl *91010411Imolgy lind wolld 11,11141 J
" Oll;M_4llyOl Slhldllvlly lll,d plldll•Odll * Ie4dltII• II4_M_ klyqll•idlulllt4:e I
• ,,+s.. ,,,,,..,;.,.s,,.,+,.,_,.,,.,.,,,_ j I ODJ,+m_. j "_
ss ** _-m,.to.,,4,td,,m thai ll_lm,;o,,.m,_ _+_l
• I'*sptr,_k.*Uom NWp(SO_ w I .... DEVELOP MUt.TK)ISCIPUltARY COMPUTATIONAL MODELIi AND ME'Iq_IOD_IFOR SCALABLE,I PARALLEL COMPUTING IYBIEMS• =IO)I_I l l llll llln_lfll)et
II • • S¢4y+etohksll II1O1_1e<*_ | ACCELERATE THE DEVELOPMENT OF (_OMPUTING BYBTEM HARDWARE AND SOFTWAI_.
• Mg• _*eol_M• :lOma4n+le_q>_Me | TECIlNO4LOGIEII CAPABLE OF SUSTAINING A Ilrldrl.OP8 PERFORMANCE LEVEL ON
i COMPUT&IlONAL AEROSCRNCE APPLICATIONS
I
_ * "L;_+;lm_untro_o_uUoqNWPltNl_m I €_l_4elVil_ Cs_V_¢'_Y',v_, clee I IDE QNSTRATEANOBVALUATE OMPUTATiONALMk-lrHOOSANDCOMPUTERSYS1EM
• lira* ov*l, lion e,n_llr_l_ MODELS ON SCALABLE, PARALLEL COMPtJT'INO 8YS_PEMS.
Ill I • M_Jlm+l_loIol144104_OIO_dO_l14_[l" • :)0 m,,gn,,+o_pn,.,p TRAHSPER COMPUTATIOHAL METHODS AND COMPUIER SYSTEMS TECIIHOLOGIES TO
pill _le Yl
IM| _) I_lvk¢_ _e.] AEROSPACEMIOCOILOUI'ERINGUSTRI_S.
|• I , • tOWll_,el_.4lo4th'WPl4_01_s_
• S_l_...m cmn,.;. [ CANDmATE APPLICATIONS J
• _InOll l_€l.ln bell4
• 30 m_l._O_+l_l_r, POWEREI_LII_ VEIIIOLE
I• I "Id,Jk_m.* life G HIGH-SPEED CIYL TRANSPORT
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•,,,e_v,_." REMOTEXpLORATIOHA_.HDEXPERIMENTATIOH._r_ro,,.,
DEVELOP8PACEBCHRHliCOMPUTINGTECIINQLOG¥WHICHWILLENAOLEHIGHp RFORMAN .FAULT-TOLOIERAHI',ADAFlrlVESPACESYSTEMSFOIl A NEW
GENERATIONO4FMISSIOIt8 TOEXPLORETile IEAR;IIAND SOLAAAY_ZZEM
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CESDIS
THE CENTER OF EXCELLENCE IN SPACE
DATA AND INFORMATION SCIENCES
Raymond E. Miller
CESDISDirector And
- Professor Of Computer Sciences
UniversityOf Maryland
CollegePark,
(301)286-3805
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CESDIS
To brlnQ together computalr scientists from
_, The Centerof Exce|lence IJrllvlrSil_, Indus_al, andgovernment
Ilborotortls to:
In Spice Dell and
Informltlon ScI_ • Conduct €ompullf scJencl
rlselrclt hl_n(J Ippllcatlofl to
" NASA Goddlrd SDSClFllcjht_ EIrU1 Ind spice science;
Greenbelt,MD
• FocusIffentton an sccesslng,
m_ss Ing, Ind enltyZfng data
ce observingsystems;llnd
RaymondF_MiII_,
CESDIS OIn_-tm' • Collionlto with NASA spIciend
Professor of Compmer Science andEsrm sclenV,zts.
Unlvefsity of Mar,Fiendit College park
CmfegePark, MO
(F ao,,sTO.E O F @ACCOMPLISHED BY: CESDIS
• _._ rlm_m pnm,=i om_ en me Nmle el _
p,_ HI,C= _L'CT _uiNnrl_wE STa_,
G_I_TOW
I_ S4_ler_
• _ oddUl_l ftl, mf1_ l.memll laf pf_ fuiil Mkfll I_ k_ a_mm, w I
_'y _ _ _ods4I'pfo_lnim_ _il Am'nlt_hnnn_ A_ n
• ProvtdIWi • _ _" __ ;........_. ;..-..: ..... - : _ CESOIS CENTRAl. RE3EARCH
• t GSFC .ad e_ammm_ml _ _ lw_q,_ p_ammIl _ K_ S_,m
S¢lemt m Oil_d SlmtI
or_nm_ m_mn _ _W., mmrmy,i_ Imiml I_m,
s_acl, II_ ¢m_lwlr _m_IIIi¢
RI_IEW'E_ RI_F.AR_H AOOITION&L. RESEARCH TASKS
Admlm'_mwm_# _W'_w_mndN_me_ILq_mmdl_vmmm_w'lemm_mm _ - ,/_m R_lf 8from - aem'm_VIOlin'
• NlialJsnl_ Iw Olrlmt_ I_1 S'talf S¢temllnl_ Nm11_C4wei Unh_Wof .° JamelCo_111_8mill i _ StIm -" Ml¢,=etErl¢r_lql_mlJVellff
PrOdU_'_l_ tl_il_ll_l/_ IMWII Oil_ _ II_ _IIllfa_l • GIo WkKI_ Uttlv_111tyO| ° /401II Ffledfaf_l
CE_OIS III!I_1_1. - aO0 C_,lltmf Mifflin4
G41Ol_l • _IIRII¢I I..ol_ftef
Georgl - `tim FOley WisflmQlOrl 8ur_ Ecfelson
Wllmn_on - _ Slbef_r Unh,lrsdy Him'him/,ht_i,erl
Unlvlmmy - Hlkmel SImlt'
P-_,_;e - X. T. Kum/
Mlhoel " O_tJ_#ll Sfflllh
FRE_',EDING"P,_GE _LA;',K rJO'YFILMED OR1Gh'_L PAGE IS
OF POOR QUALI'W C-3V
F TASK GOALS AND _ _- TASK GOALS AND _ACCOMPLISHMENTS ACCOMPLISHMENTS:i
DUKE UNIVERSITY GEORGE WASHINGTON UNIVERSITY
Parallel Compression of Space end A Knowledge.eased Advisory System for
Earth Data General Scientific Dam Vlsuellzstlon
PERIOD OF PERFORMANCE: s,,_,m._ lm. A,_m 1N1 ,_PERIOOOF PERFORMANCE:_ Ira. s._.m_f tall
GOALS GOALS
• Imrestlgste _ specify visualization vocabularyto
• Develop parallel algorithms and archlt_'turml for embody essantlld€ot_cspt$requirad for scientific
fcmsyer_rlIosele_l data €_ml_'mkll¢_ vlsuailzstJo_
• Design €_mprssslons applicable to large variety of ¢kmL • In©orpmlta user Interface for _dsullJzstlon- naive user,j.
. Des/gn gom:lparallel vector quacrt_etlon algorithm. • _fOl_ system des/gn extendable for knowledge
rallnermmtand new _tsuatlzattontm:t_nfquts. ,,-
ACCOMPLISHMEN'r_
• Oevlsed sevarld Ilgorithms, Investigatedtheir
theoretical aspects, end evaluated performanceacjalnst • Compiled 14Srules and principles pertaining to
US(: Image dstabime to €ompatl msulta wffh existing expresslwmess of vlsuallzstfon techniques.
schemes usf_j/same Imsgss.
• Implementedprimlthte rendering algorithms.
• Developed multlresolutfon loser mtthods capable of
controlling amount of Information lost by _adlng off • Designed VISTA (Vlsuallsatlon Tool Assistant) and
betwtml compression rates end dfetorti_xl, completedfirst prototype.
• Conducted preliminarytest of prototypeusing data
r
F TASKGOALSAND F TASKaOALSAND @ACCOMPLISHMENTS: ACCOMPLISHMENTS:
Stanford University University of North Carolina
at Chapel Hill
CornpucerAssisted Anelysls of Auroral Images
Obtained From High Altitude PoIu $rlellltas trn_ Pattern R_lflorl Sur_portlng Intenmtlve
Anllysle Rnd Grap#lcal VlsusllzJtlon
PERIO0 OF PERFORMANCE: Jmmm,am- _ lm PERIO0 OF PERFORMANCF..:s*mmur 1el. Au_m_SSl
GOALS GOALS
Develop research soil[warsbm to support Interactive
Oeveiop, Implement, evaluate, and utlnze adv_ncn¢l Im_je p_tern reco(jnltlon;
computer software toots whose purDoss Is to auton_lte
the anaWsls of global auroral Im-,gls obtained from • Developartificial vfeuel systems to solve meesuremem
OE*I and Viking sltellltas, led dlte_lon probilm_s;
• 0e_elopmultl-nmolutlonIm_Je descriptions is •
_Ja_._[_ languagefor humsn.¢omputar communication. "
• Completed Implementation and testing of'snakes* ACCOMPLISHMEN-r_
algorithm for finding auroral oval Inner boundary.
Haveexplored nature of Image re, lens formed by m
Have made progress on extending technique to somecoherence of Intensity, edge eur_ound, . rreqions where _ayll(:Jhtoveriape aurora and to orientation,or texture, across scales hesad on 2 Image
simultaneously find 10othInner and outer description techniques: MultlscalaOrientation Fields
boundaries, andSpatial Speclrum Classification.
• Prelect personnelmet with 13 GSFC and NASA B_jlnnin_j to apply to Landsat Images of=rained
HQ scientists to discusspotentialcollaborative fromGSFC.
efforts.
Appliedalgorithm to Hubble data In effort to reduce
blurting of Imageswilhout destroying frequency
C-40 ,. [
@ r @_'- ADDITIONAL RESEARCH WORKSHOPSTASKS
omco,.m.m.,_,.,. AUGUST 1989
Penn Sills Unmlty:, F.J'leFeiglflmn N Uic_emtIJVIII_
Ad_tln¢lld SIItlStI¢_M Mellt_l$ fern'tm_r_ld OatJ
Aa,W,.== N'"" A_nmm.m:*uv,..cme ComputingChallenges In
Unlv_s_to_Mrt_end:N_ Fde_tan4 Managing Future Massive
SMmlat_lennmdln_,mmn¢.emit I _11Mlar_randam
_ mm _ _m_, m_ ImageSystems
•e.,.w_ _
a_,e,qlew,.mx,_m_ m,nSe,_enmeSe,,,.mse_lel
Cmscms_Lpll_l mini_s " _lilzameA_
Commua_am_t,mvt_mrfsa_uwIs _
OCTOBER 1990
Comet. _.,.mk::,I_k, me_ _ The Role of Compute' Sclenca Ini¢/emL_I JaKts_m
" Mission to Planet Earth
Sl_lo.dU_m,_: _mo S_wm_m4Rl_m_ao_Wl
iHm*_r.: I[]ecmmlemJ _' m AsmmelmaCammumrf
mes.T.K,_I (Am.m9
TECHNICAL REPORT SERIES FUTURE PLANS
• Oev*lop IndustdalusocJates program
Technical r_orta from CESDIS reseerchWoJ_.
• FundIddltlonal _ Isaocllted with
Currentlyhays 74 mporta. HPCC and EOS
• Run small Sl_¢illllzsd workshops
• Comtnueto coopem|leIn organlztngand
" nmning conferences
e.g.. DataCompression Conferen¢_
Workshop on PorBllelAlgorithms
• Build more coilsboraflve efforts
F NASA TRENDS AND _ _r CESDISPROPOSED @CESDIS ROLE HPCC ACTIVITIES.m .,
FYg2
• NASA missions are moving from using$titl-
of-the-aMcomputing tecMnlquesand tecnnolo-
gfas to missions requiring majored,nmcas In
computing harclwara,sofr_vsra,algofWlms, and • Hlra Assocllml OlrlCtorfor HPCC. J
communications.
• Help manageGoddard NRAplm, ravlew.
• Advanced computing nse¢ll Ill It the clmef of the
NASA mls.llonl. "
• Stiff lind rim evllfuitlon activity for spacl
Ind Earth sc_mcegrandchallenge
• Mlny areas of computer sclenc__11 _ • problemsonvmtous hlgh-perlormsncldlraclrblaring On NASAnelds, test*bid •rcNteCtlJraS. "
Database systems, distributed €om_JtMg
systems, nitworf(lng lind €ommunk:atlork
Ai/Expert Systems/NeuralNets,Human/ • Prapml lnd Issue CF.SDIScall-for-proposalsComputer |ntarflcls, CQmputlf GrlqlhlCS,
Vl.lu,li/zl2|_,t, Palllrn Recognition, AlgorWtnts, In HPCC
Software Engineering, Rot]oriel, Itr..
r
r c sos..o.osoo F..c ,=vmos ov.,o oos..siii
Igg2* 2000
FY 9"J* srt
• Build rasesrtd'lL-'t_Ue• for HPCC In=. Build• oomm_lt W of €_nputfng sclencl
• R•tiUVil mmfu•tlon for high perfo4rm•ncl rasellrChlrs who ¢olllbofllto with space end
€omputlrs In sp_ and Farm m
app;icatlonL F.Irm scJm_l_l on problems of interest to
Numerl¢•l techniquse far plndlei NASA. throughpllm-rlnd•wsd proposal
computotlon, msserctt Ill universities, through €ollsboratlon
• Management of maslN_ amounts of
dim In dlstr/b_ld sysleetl, with Indlnmld rese_ctt_ and bybuilding
• sm*(I €onl of •bout s fuU final resasrohero
• Suoport educslfon of I_l.O's in art** of at CEC:OlS,plus• slmilgr size UniversityHPCC research fundedthrough:
• peer ravlew•d prolec_l of Marylsnd groupof faculty and gradual• , I!1/ l
• pQsI-docs student researchers. /J• graduate fellowships
C-42 [
" CASIS BACKGROUND
Professor Michael J. FIynn
Departmentsof Electrical
• Engineeringand ComputerSciences
StanfordUniversity
Stanford,CA
(415)723-1450
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Some sp_ial fa_ilhies/centers:
• Ce_.er t'or[_t_[r_tudSystem_
• C,mCerf_r Tdecom.m_aic_ioD._
• Cen_r for P,eli_bleCompu=ing
CASLS • C_r tot Coac,r_-y Scud;_
Background • Proo_ ;,, Maauia=tana_ Scie_c*[
P_.. _.U,:h.MIJ.ny'u
Oqa,n_ ,d'
_d
St_fard U_i_ty
C._SIS -- l_l C.-LqIS-- Pag
Supportedh_dty and rmmrth area= • I0 _m'a
Tdecommumc_oas • S,q_accs_J_€ 20rEmm_,,,u_u perye,u"
professorF. Tobagi About.I1Oprofe_orJ. Cio_
Neural Neo • About5 _ppon_i_ude_a _€_ve Ph.D._k y_-,r
prole_et".-LPece_a Abe_ _
ProfesaorT. [Gdlazb • 0'_ _ _ppo_-'dreports, pubiic_ona, etc.
ConcurrtmtP_
pto_ M. Fl_
pm_r Mom_ Lain
• Ozza,,_.mdy__"_laaz,L'eme_
ProfemorG. ;Vied_
proie_or J. V_k_t
pmie_=_rM. Lavoy
" ptogra.mmmgF.aV_
Proffer M. Liato.-
PREGEDINGPhGE BLA_K [_C}'TF|LI'aED
C-44
INFORMATION EXTRACTION IMAGE DATABASES AND VIStJAI.IZ.-VI'II)N
FOR
I) Imal_eanalysis and counputcrvision Iool_ may b¢ usnd I,_extract iulorlltatlLulData Visualization endpara,t,_,e,,fro ,, °,,_o,'a,,.
2) The ¢xlraCl,'d pellmclcf$ from Ih¢ dJllamay b¢ used as automatically gcl_:ralcdData Recognition ind:,.,of,,,,_e.'a,aba==,.
3) TIM=extracted information may b¢ aho uu:d as aulomalically gencralcdgeometric
Data Transmission _,_,_,.fo,,,,u,,.,=.
Data Processing
F ' _'_ EXAMPLES OF CASIS RESEARCII IN INFORMATION EXTRACTION FROM DATAData Visualization
I) Ocher=ling _e ice moliorl v,'ctors from radar intages.
Ice Flows Using SAR
2) Ealraclin| ar,'e and boundaqt infofmalion from UV Salellile intage=_of aurora.
Aurora
3) Findin8 curvilincar features in rad_ imalc$.
Terrain ElevationMappingUsingSAR
BasicSludlesin 3-D
DataRepresentation
,,-q iI_ I lU I
GEOSCIENCE AND 1  RXMOTE SENSING 
(3
_ ...... :.......... 6XPRESSNET
A UnidirectionalBroadcastBusLocalAreaNetworkwilhA
conflict-freerpund-robinMediaAccessProtocol ,.
BasisformanynetworkConceptsusedinHighSpeed,
FiberOpticLocalAreaNetworks,Includingthe "
MetmpolifanAreaNetworkStandardDQDB
(IEEES02.6)
Describedin MostImportantTextbo,oks _.
Tanenbaum;Stallings;GallagerandBertsekas;etc.
Imml
I
.o
Data Transmission ..... _ ,,. i
o _', _. .
Expressnet _ = _'"
HighSpeedDataTransmission - ia.
iriher OiiIIc Cnmmu.lcnllt).s
Application Specific Systems
r_-_.
('_ -avoiding the software bottle_I - ...........I_- J-L _4:_!I- _ Development
neck for key application
• It.lDnirmcld:I)isllcrsiOll(lislorlspulsesrcs.lli.B ill • gas dynamlcllluld Ilowi.lclsy,.hol iidclf©r©ilcc(ISI)
• (].nh FI:I(Isimplesigllnlproc©ssi,ig icch.lqi,ezIo • pattern recognltlonlneural
COllll)CllSnl¢ for ISI. all.wi.8 I'ori,nl.OV©ddata:.tcs nets
nll{I (IJsla.ccs
• finite element analysis
|all l nUll llll i
-5
Compullng
Concurrency Sludles Parallel Processor Software support
Optimizing Compilers "* - GEM
for Large Scale Multlprocessors - scheduling optimization
Parallel Architect's Workbench
Architectures for Lattice Gas
Cellular Automata The Computer Architect's "
• M,_=p_== do=---a_ _., _ Workbench
• Appm_hO_
- Unt_wcmdy,m_ lukl _w mod_ Lmba_ • The AWB is a _t of software tools to preOicT.
-,_ diEemnUM_ (L_. N=_
_). the relative performance of alternative com-
-_.---"yim____ purer and system architecture features
• Aplue_.h,T_ -- ACtual applications are used as benchmarks
- r., ,_,,.i_ _lu_..,,,,,,,,,_ _ _ di_m_mud.
d=_'_d_. -- High qualiW compiler Support --
=0_ ===_€ m==de _. -- Low requirements on hardware des_intions
- C_==U===iI=_ ===b_ =(tb_ patdd=_=
d=mvo_dl mmiau=mbeh_ _=i=h=Kru=l_d_
mu_m_ _ Na_St=_ =_t_om. • Trace Driven at basic blOCkgranularity
|
r
AWB: A General Research Tool and Current Research
a Pro01em Solving Tool
• The Effects of Programming Paradigms on
the (nstrucrJon and Data Streams of a Sharecl
• Research Tool BUSMultiprocessor n
-- Architecture ancl Instruction Cache5 • Increasing the Performance of SharectBus Mul-
tiprocessors
-- Arcffitecture and Data Buffering
- Eff_ of snared caches
-- OptlmlzaUon ancl Instruction Architecture
-- Comoiler t_niques
• Design Tool • Prefetcn of Data
.r
-- ASIC alternatives . Write and Flush
-- Cost/Performance Analysis = Utilizing refarJonshiDsbetween varia01es
-- Soeclflc Workload Evaluation -- Processor Mchitecture
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PRINCIPAL INVESTIGATORS PRESENTATIONS
PROGRAM PLAN FOR AN
EXPERIMENTER'S LABORATORY
FOR VISUALIZED INTERACITVE SCIENCE
Elaine R. Hansen/P.L
ColoradoSpace Grant Consortium,
Univ. of Colorado
Boulder, CO
- (303)492-3141
Marjorie K. Klemp/CoJ.
Sally W. Lasater/Co.L
Marti Szczur/Co.L
Joseph B. Klemp/Co.I.
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PROGRAM PLAN |. PROGRAM GOALS AND OBJECTIVES
FOR AN GOALS
• Providea capabilitythai willhelpsdentistsel the '90's toinleracUvely
EXPERIMENTER'S LABORATORY FOR VISUALIZED visualizedatain orderto betlel understandthe lale, complex, and
multid_.ansk)nal data sets el am futurespace missions
INTERACTIVE SCIENCE
• Providean InteraclJveVisualizalionEnv_onmen!to supportscience
research within and across NASA science disciplines
• Providean InleraclJveVisualizationEnvbonmentthai can be easily
lailoredby thesciantislsthemselves to bestlil theirindividualresearch
Applied InformationSyslems Research Workshop wahl.ms anddisplay _elsrancas
July22 -- 24, 1891
• Enable generalmembers el Ihe Space ScienceCommunitytouse
Boulder.Colorado advanced visualizationIoolsa,fan affordable pdce
• Capitalize onexistinglntormalJonsystemslechn_uns, technologies,and
tools
Cef_Je(ee |peeL) Gl_t4 CMSenka, l _ JI, /_
k¢#,en*4£*A_t #¢G4Neepso,tt 4J_J,_t. I_,,.Mu.u.r'e J,_,,*_l_.]r_ _e4 _*,we _ _ dL,..e4K.,._Ge_fe_re Sp$co FBJM Cemes. _,ol0rJds _ _3oe_,lr M M _ Jl_duo -a
PsoonAu PLAN |. PROGRAM GOALS AND OBJECTIVES
4FOil AN
EXPERIMIENTEN'SLAeoeArosY FORV,SUAUZeOINTERAGTIVESCIENCE ODJECTIVES
• Providea multidimensional,visualizationcapabilitybasedon U_o
researchneeds of NASA scien!ists _;
-- Presentation OuLU.ne--
• SupportinleracUve,expl_alO,ryanalysis
I. GoalsandObjeclives
II. Concepl lot AccomplishingObjectives • Handlemultiple,slmullanaous,and diversedata sets(ingesl,present.
III. BuildingBlocks manipulate)
-- Features
• Providea user inledace thai is intuitivelot and resl:x)nsiveto the needs el
-- Key Playersand Organizations thegeneral scienceuser
IV. Plans
• Provideso.are thaiwill run on a varieiy ofpopular,attordabla
workstalions
u
4II. CONCEPT FOR ACHIEVINGOBJECTIVES II. CONCEPT FOR ACHievINGOBJECTIVES
-- Pioduc/--
- F.standForemosl, pmduclmuslhaveasuilableacmnym!--
I V E ,InteractiveVisualizationEnvkonmenl)
JV A N (InteractiveVisualizationAnalysisNode)
ELVIS (Experimenters Labotalory lot VisualizedInteractiveScience)
II. CONCEPT FOR ACHIEVING OBJECTIVES ! IlL BUILDING BLOCKS
-- P[ocass -- t. 3D Dala Generationand Rendering."PolyPalnt"
-- Foundalionsyslomdevelopedby NCAR
• Eadyand ContinualFocuson Ihe ScienceUsers Ihmughinterviews. -- Key individualsaveJosephKlemp (PolyPainlOdginalorandLead).
observations,andpavtJcipativedesign WilliamBoyd. (Systemsdesignerlpro_'ammer).Mail Irvin
IProQrammer.summer studenl0Phys0csgrad al MIT in Academic
xeaq
• ParallelDesignel all aspecls
-- "Poly"Feak_es
The user inter/acedesignmusl slarl at file same timeor beloresoftware • PoJygonQena+a=ionlot€on_ surtax.isw_-m_v =_ed =_sel_ am,ee-
des=gn _mensional_idvoW,ran=
• CONOmlullacel _ en_;lollle_,he_h,o_N"= lowwvaJu4l
• Coo_dmaleuAnsl_m=I_r'tOda_innon.Cautes_m€oo_dmal0s
• Eadyandconlinualusertesllngwilhprololypesloenableleedbacklolhe • U_11_v_c_0_ha_a_c_4_he_i_y_4c_+D_:_y<_z_v_im
design process avmagedanvil i_ygo_l IJ_in9I_slverUlx
• Polygon9eP,_ralk_Ior_analiudacoacuum9 IJv_9111hsdaladoma._
User testing ol user inledace, lunctionsandservices,help. • P,-aygo_9one+a_Io__taces Paling4byi/_ vaJuo.t,'Ja twod,n_.s_on.d0_la
documenlat=on,uaining,elc. a.atr
• Polyg_9ene_al_nI_ Iv_-<_mmsJ¢_i_ I_es(_d asft_<_
i_lacoslwdJl• specJ_edr.._+lo_/a_d inany_ _.alu l_mv
• Po4yg<_9lli301&liOII IO _341Vl_rl II II_llll.elJl_l_ol_d 4_11_8 11110a IIl_)O_ kkd Sufl3Cd
l,..,_._+l I•I_,,,+_i_ 1.1 vl+.+.,.d l,+l._u.l I._,++. 11,,,,4 _ iiii_.,,,+ i I,N. _ lw l+le+,,_ll _ I_ IklM+e I_'_,*I
-s .-P
III. BUILDING BLOCKS III. BUILDING BLOCKS ...
-- "Paint"FealU_OS(conl'd)
-- ReakU=:_u_._u,_*_ha r,,_.g_eI *, so_vrceus_n9 bacS.scaue_e*'I ,gh_n9 4. DaleAc_?.esskltorface-- Notwo[kCommon Data Fo_m(NaICDF)
-- C_k_ _N SO'COl _1 Uue'_k_ iyslefrLI, with k_de_ef_e_ C.OmIOIO_&_q|ace
coku -- Conc_s_=oc_inamdbyGSFC'sNSSDC
-- Lig_ so_ceI e_ al mlu_y o_al a Ii_o _uv_e k(;m ."."jec_s(I,_anS_lt
d_nm_esw_m_sl_bom_eou_ce _ E_a_c°dasOen_ail_u_P°so_bY_t4 , ', i
-- _IlusO a 5peCuJ,MleSa4:_onj(;o4t_p,-=led_,4-.G_(t_ to m4 Pho_ NIodell oi' -- Fe&lul'es 'i'
€on=re.aborts "J me _vo Io_ ea_h ='g_ so=c= . G_ical to._s Io_ sl_ing amd=eu_evm9=eDge o_ s,ca='_:e,_=la lypu s
-- k_op_del)l C(lk)_€O_UOIO_'1_11u$e a_d specul4_ le_ler._oft C41UU4 ¢._d_
Systems * E_eS _:_ess SO&'wwlliO UO.M_i _ lyJ_s wl m,i b._l_l Wa_
-- A,r_d _ghlm9 • Tm_ls _i IS _l_ OI S.88 cl4&4_lll_rlo.63erwo_k.t/a_rtspale_l (_l_:ts. a_C_SSd't
-- Haz_ _v_ sm_o _e_faca
-- l_snsp,_enl _o_S uun9 en_ €ok_r_vam9 o_ o_r_ cok_ co_r_nauons
• View d_,l SCslu_9wJm _tk_S Joc: • S_)O_II la_KIom i_celS oi nwlU.dmt_lsiondl v,_s.d)tea. _u_dd,e_:l d_(:usv to Su_,jId
J_tO(li;_L_;_i_yfF.AxI/lllZi_ vi4Jw(toiler1 wJmkl m4 Strip--kid wel(]ow (_ill vaJuoI, to _l ilyJ)4MCUDO._1.-i_1= _ k_ le_Gd'_lJ
Spc_:01y_oV_UI s_saee_s wd_ me WUldow
flelo¢,li_g me Ioc_1 and ,_.,,_ctv;_nDOv_
-- _elt_ 9 I)10view an_e (tO d[_Omm= Out)
Rol;_tut9 _.t)lUCll_ Ihe dkectJon ol View
-- R_sca._ me objerJ ina_y _o_dmele d_ec_on
• Wo_d _a_k_9 oplv3_s to lid_V inlay i_=em=ls
U_
uIV. PLANS
• Plans have beenreducedand stretchedl• Ill availableiundinglevels
.Bit"
(hopinglot more lundingl}
IV. PLANS IV. PLANS
• Integrate softwarecomponents
• User Interactionsand evalualions
MIL£STONEe
• Systemdata flowin I I/2 yeals
• Completesystemwilh limitedusers, data types.
handlersin 3 years
m
-iJ . ..
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PRINCIPAL INVESTIGATORS PRESENTATIONS
GRID ANALYSIS AND DISPLAY SYSTEM (GRADS):
A PRATICAL TOOL FOR
EARTH SCIENCE VISUALIZATION
James L. Kinter m/P.I.
Univ. of Maryland
Dept. of Meteorology
CollegePark,
- (301) 405-5384
Brian E. Doty/Co.I.
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THE GR;D ANALY_S AND DLSPLAYSYSTEM (GRADS): SCI_ITISTS._.--.-_DATA
• QUAffITrATWE
A PRACTICAL TOOL FOR • [NTEKAC'HVE
EAK'TH S_ENG'E VI_UAL,IZATION , VIEW . MAN[PUt,ATE
JAMccs_NL_KI_rr_RDOTYm [_'OU SEE[
CENTEK FOK O_":,,_'/-.LAND..ATMOSPHEKEINTERAL_'IONS P_.,T_'_b-30_A..[_
DEPARTMF..VTOF METEOROLOGY • QUA//T1TATIVE
UN_ OP MAKYL,_D . PUBLIGATIONQUALrrY
COLLEGE PARK. MD =01'42 - LF.,GmLE
- _I;'ORJg_'ITVE
- COMPARABLE
.^_O.AL_._o.A_cs_o SeACZAo._o.
_eu_ _ro_A'no._ P_oc_ woe_saoe
eou_r.a,COLOaAO0 IWE SEE [
=2-24JULYi_i IMAGES-----_PIJ_UO
• QUALITATIVE
• AESTHETIC
_XDS- _C_
• ACCESS "
-___.__,__,__,__,__,e_,, ,--
• MANIPULATION
. n-- _R=m _ ,.im.m *._u,,=, ..,_ _m'.•_
• D,_,_ _
e.- '
._. _'_"]
" "---'--'- : i=1F
• [_rre:_c'=_[ "" ',':' t_
---- ,-.,c.,., d *,,_,,_, ,mm,_ i..->€._-.JLg-.
\_'\ t"-t.
\ I "'
I'H _A 'o-, "• AR.DCOP
(_tflGINAL PAQE |S
OF POORQUALITY D-8
u• • • GRADS tation Data Set
---.= e
o _ _ a _ m * Eachdata element arbitrarily located In space
_" " _ - _ • Data resides on disk in a structured format.
i " _ -' , Subroutineu are provided for creating the data_ [ _ _ sot from FORTRXNprogrmu.
_ _ o _ * A utility is run to create a 'map' of the station
1 "o'°'""".°°'°""°"°""'""°""'"°°°°'"'°'°°'0 :1
e,
Pile 4 ¢_ Ai_CP
t
GRADSGrlddedData Set GRADSData Description File
• The generalized view of the data is 4-DINnslonal. • Har_ of binary dataset
Spacingmay be non-linear except In lime.
• Defines scaling betweengrid coordinates and world
- X,Y,Z,1 - Longitude, Latitude, Height, and Time coordinates
Anynumberof variables
• Dascrlbe# each variable
• Data resides on disk In binary format. Data sets
are easily created or read by FORl"P,_lprograms. -Abreviation to be used for the variable within
expressions
• X varies fastest, then Y, then Z, then each -Humber of levels provided
variable, then time. Units value (not currently used)
Long ncmaof variable
- Variables may have different numbersof levels,
but musthave sm_ numbero| X, Y, and T elements
- Use septets dataset for different scaling
page J CCtA/tJlaCP Page S C_A/ti,at:p
e # _ • •
MA_i_J_|
DSET/DATA/REAHAL/,_d_XLYSIS.DAT
UHDEF-9.99E33
TITLE REId_ALYZEDGLOBALFIELDSFRCUDEC82
B
XDEF144LINEAR0.0 2.5
YDEF73 LIHEAR -90.0 2.5
ZDEF"12 LEVELSIQO0850 700 500 400 300
250 200 150 I00 70 50
TDEF"20 LINEAROOZ6DEC19826HR
=,
VARS5
Z 12 99 GEOPOTEHTIAL HEIGHTS
U 12 99 U WIHOS
V 12 99 V WIHDS
RH 6 99 RELATIVEIIUUIDITY ...... [---_
TV 12 99 VIRTUALTEUPERATURE COLA>_JtJ,b$ {_A_ t* E,f ...Peg* II COLA/LJMCP
DSET/DATA/11E/OBS.OAT ExampleI
DTYPESTATIGH
SrNMXP/oArA/me/oos.uxe
UHDEF"-999.0 Examples usin9 the dglo sole from the deocr!ptor
TITLE RAWIHSOHOEREPORTS- RH. Z. TV flies shown,€lrller (files hove been opened).TDEF4 LIHEAROOZ6DECI982611R
VARS3 SETLGH-90
Z 0 99 GEOPQTEHTIALHEIGHTS SETLAT 40
TV O 99 VIRTUAL[EI.IPERATURES SETLEV 850
Ell 0 99 RELATIVEHUUIDITY SETTII,IE OOZGDECI982lOZlOOECI982
EHOVARS OISPLAYTV
DRAWTITLE 85QmbVlrtuol Temperoturesel 90W.4OH
DRAWYLA8DegreesKelvin
Holes: * A I--D 'slice' of TV (o boeic vorioblo) is
being disployed
• We9el o 9roph by defoult
PoQ. 1 (:_I'A/_JIJCJ= PQgi | COI.A/UIJI:p
o
Exm_ple2 Example3
CLEAR
CLEAR SETLOH-90
SETLOH-140 -60 SETLAT-90 90
SETLAT 15 85 SETLEV tOO050
SETLEV500 SETT l
SETT I DISPLAYUDISPLAYZ
DRAWTITLE 50QmbHeights SETCSTYLE3
DRAWXLAROOZDecember8, 1982 DISPLAYTVDRAWTITLE U Winds ] Virtual Temperatures
Holes: • If X and Y are varying, o map is
automatically drawn. Holes: • Vertical Cross Section
• Multiple DISPLAYswithout CLEARin9resultIn overlaid contours
lilil t COLA/li.ICP Pail I0 COI.A/'L_P
i t.-
"% ' I _ r.,,: i el
Slal ion Voluor: Observed; Observed - Analysis 
rol, m w o  
5 s T .  couplad tun. Jon o f  vear 1 
6_,,mJ 11--
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PRINCIPAL INVESTIGATORS PRESENTATIONS
A DISTRIBUTED SYSTEM FOR VISUALIZING AND
ANALYZING MULTIVARIATE AND
MULTIDISCIPLINARY DATA
Allan S. JacobsordP.I.
Jet Propulsion Laboratory
- Pasadena, CA
(818) 354-0693
• Mark A. Allen/Co.I.
Michael J. Bailey/Co.I.
Ronald G. Blom/Co.I.
Leo Blume/Co.I.
Lee S. Elson/Co.I.
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JPL JPL
The LinkedWindowsInteractiveData System
A DistributedSystem for Visualizing and (LinkWinds)
Analyzing Multivariate and Multidisciplinary i. A visual data exploration/analysisenvironmentwithdata displayed in a series el Interdependentwindows.Data Interdependence is establishedat user's discretionby
'linking"visualsand cont{ols.
InvestigatorTeam: 2. A standard graphical user Interfacewith additional
Jet PIopulsionLaboratory 'linking"rules.: Resulls in an intuitiVeinterface accessible
Allan S. (Bud) Jacobsen - Principal Investigator with a minimum of training.
Mark A. Allan
Ronald G. Biota 3. A user accessible applicationsprototyping .......
Lea S. El,son environment.
4. Implemented with an obJect-odantedprogranvninO
San Diego Sup0rcomputerCenter model, with "links"establishingmessage Ilow path. Them
Michael J. Bailey Is an underlyingcommand language (Lynx) based upon
SiliconGraphics, Inc. scheme.
5. A multi-user sclance environment (MUSE) requiring a
minimumo| network band-width.
:tj
rtl
,, .JPL ,.IPL
_J
Z
_ A DistributedSystemfor Visualizingand Tile LinkedWindowsInteractiveData System
-,_ AnalyzingMultivariateand Multidisciplinary (LinkWinds);-' Data
_'_ DevelopmentApproach
:_l ProgramObjectives
r" 1. Employan Incrementaldevelopment process using
_= I. Develop LlnkWinds tools and controlsspecific to at rapid protolypingo| appllcalions.
least two science disciplinesand demonsb'ale Ihem in
;,_ current research activities. 2. Work with users and developers In a tight loop
,;, throughoutIhe process.
_,_ 2. Adapt LinkWindsto X-Windowsfor executionIn a
• "- network environment. 3. Provide softwareand workstationsto users to stimulate
_'_ product use in research activities.
"!":, 3. Use adapted LinkWindsto demonstratecooperative
t"_ and interactive lelevisuaUzallonand analysis by
geographicallyseparated science teams.
TI'I['j
,u
i,--=(Ji
e.=.+
.JF'L (:_ .JF'L
1he LinkedWindowsInlmacllve Dale Syslem The Linked Windows Inlefaclive Dale Syslem(LlrlkWiflds) (LlrlkWinds)
Appllcallon DevelopmentCycle Linking Rules
I. II anII
---+,+,°,,+,j,,o,o,++ +o"°".I
I °e"°"'+"'eI _ +
• -- Prolotype
2. Link ¢m+troleymt_ohlto other windows In older IoI +"° I _ °_°'I "++"+P,ppllcallo+l ---- Cofnl+nunlly
+ .
JPL _ JPL
Ills Linked Windows Inleraclive Dale Syslem The Linked Windows Inloraclive Dala Syslem(LinkWinds) (LinkWinds)
User Inledace DeslgrlPhilosophy Fulure Plans
1. Users ere Impatient and wm+t in get strafed qulcldy I. Pal In X-Windows. using OSF Molll Ioolkll. Ior
o_1productive work. lhey are dlscoureged by large expansionIo other plallolms.
ml_nuals.
2. Iml)lemenl an appltcalloqlsgeneralor Io I_UlrPOlluser
2. Users loam from soll-lnlllaled explurallon,making alrpllcallon developmeld.
r==lslakesand correcllng Ihem.
3. Exi)arld MUSE capabllllles.
3. Users rein= Io documerdallonofelywhen Ihe sollware Session Managt_menl.Floor Menagemenl.
duosn'l conlorm Io Ihell expaclallons. 1hen Ihey 6kip Telepoinlms. Nolwolk clipboard
alc+tJs)dIn mantels pr orl+llnehelp Io IIl_d Ihe answel Io
currerd problem. 4. Implemenl herdcopy and video oulpul.
llld: M+_o_, _ _ 34. II, ,4L4ItI_lll
N93-29227
PRINCIPAL INVESTIGATORS PRESENTATIONS
DATA REDUCTION EXPERT ASSISTANT
4
Glenn E. Miller/P.I.
Space Telescope Science Institute
Baltimore,MD
(301) 338-4738
Mark D. ffohnston/Co.I.
Robert J. Hanisch/Co.I.
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Data Analysis Systems
Data Reduction Expert Assistant
Workshon • IRAF - Imago Rsdu1;llon ind Anslysls Syst•m (NOAOiAISR
• STSDAS - Space T•l•s1;op• S1;len1;e Dell Analysis System iS|St;I)
22-24 July 1991 • MinAS- M.,_1;h,nl.,.1;..o.,1, AnsIysl•Systemlose)
• IDL - Intlr•1;llve D•lo L•nguag•
• ...,.Many other systems
Vary lU1;1;•sslul Ipplo•1;h
Glenn E. Miller • lidell-eed dllllJbullolt el thole eyeleSS
Mark D. Johnston • lllllll tlllllO Iol •l_l Wllltehllll elll_elt l• lllVl Glhlll
Roberl J. Nanlsch
• km;o_i_D#elieael Iodepeade_llV •euete_ld pickerel
Spice Telescope Si;lellce IrilllU_le
'1100 Sin Ulllln Of.
8llllmOll. MD 21111
_,J Mllll • AlSl lli'lllllll, llama1' I| ,kllf IIII |
I+ ....
4;.
-:,, Data Reduction Philosophy ol These Systems
_'+,I * Modular opel•toes which Walk O11 sl•ndlrdlled typo8 ol diS• 111•8
|'_ • Commend L•ngUlO• Io •I•1;UII llngl• 1commends or 11;111311 ol commands lln|- Till pl'O1;•ll Ol 1;oflv•l'11ng l'•w Inll[Umllll•l OUIpUl Inlltl1;llvo oe bll1;h mad•)
:]_'+ I=110phyll1;•| m••lUit•mlllll
_' Adv•nllOO•:
i_ • Fl•xibinty loir th• Mill:1"+1
Individual 1commands €an b• 1;heln•d 1Ol "plpellned") Is €onsUu1;I poweJlul.
"Y: 1;ustomll•d ploc•dula•o_,
t-
• leas• el dev•iopmlnl;
L,1 W•ll-dllln•d methods Iol adding n•w modules. ]hue many p/Ogl•mmels lind
scI•ntlsts may Indlp•ndlntly 1;OntlibUlO Io I11• glOWth ol • system.
• SIlndlldlllllOll
• ell,tlll . l;Sa ll'll,lleOp, llwl_lll _| Jell' llll | mlllr ,lie• wl_,illllia, el kill' lJ +lip IIII 41
I--,
OQ
?
t---,
I)lsadvanlages Usalul Goals - BuI can il be done'/
• Lv_lnlng • syilom isn'l easy ¥el: *- .
Commands can be complex wllh many palimlllll •nd even elpSllS don'l • I:'xpesl |y|tem$/•xlllici•l Inlslllgenc• technology in iouilns use •1 Ihs
kiiow the snails syslcin. Use[| may liavi Io leizn moil than one iyilim. STScl Io •uppoll operation-,
ozpucially il lhey WOlk il dli|elinl Inslllullon| el lhlil WOlk is multi-
dlsciplinarylmulll.ipeclt•i
• Pwololyps dais snslyils alilSlint developed by one el us In 1987
• 91111cull In cepiur• expert knowledge
M_lluill, on-line hllp, local gUlUl hays dtiwblCkl * 0Olln*l IlqulE• IplcllUlld hlldWll• - Ih• llml wolkillllon which lull
IRAF is. o. • Sun 41 tin lUn Ixpell lyelsm lollwl/•
• Oils mlnlQlminl plobllm
A low _lQhl'l Oblllvlllonl €ln Illull In hundlldl 01 dill Illll which HUll
each piSS Ihlouoh many ISducIlo_ ilipi
141111_- AISR WLWk|iIp. S_ldlw II klW IIII I i • ALl| Wlillll A Ilik I| Jill IIII
I:xperl Asslslanl [Ipcrl AllJdlil . I)lll _ |llpll Sl_lel m
Ii An allstnillvl approach which builds on Ihl Ioundsllon of Ihsli lfltlmi I
• Galhal Inlolmatlon about ths Ivllllbll dll• (Ivplcsliy IIom header
IiiIolmillOn i_ Ihl dais Illll).
• Davllop s plan Ie{ dill Ilducllon bllld on Ihl Ulll•l g0111, lClull
plOpulllVe St Ihl dais i_d ON Ilmllillonl ol Ivllllbll (llOUlCll (l 0* dllk
IpuCul.
• llal|Slail Ihs plan Into eipIIcll Ilducllon commends lot • lpeclllc dill
ali_lyiil lyillm.
• Uollllo{ Ihl pIIn and Ill IIICulIon Iol p[obllml {l O. Billing ¢lllbllllon
Illls) and slill Ihl viii.
• _1 illlnilbll Io INCOIpoISll new IVpsl OI dill IlduCllon, _lW lnllylll ,
iliO,lilll$ _lld new .li}_ Ilialylll ly$1Ol_l, lhl _lpill Aillllinl will plovldl
U_UIS wish Io01S IoI Ibis pUIpOSS.
• Ple_Qltt pOwsliut •_d ¢IIQctlv• USi_ Intscleco including moual-shd-msnu
_[aphlcl (which Is ills Iound In _Oll-Oipe[I lylliml| sod flalufil lanQuagl
InlillaCl. 0
M_ll,t . AI$I Ivwalilpp. el_/d#w a3 J_l r lill I ll_/iq • 415• WWllilp. Iluk IJ ,t.lt I|11 I
Implemenlation Considerations Summary
EZpIll Asslslinl will 81gnillcsritly snhsn¢• rssssrch by ismovlng much 01 the
• Choose iaoou;19s iullsd to symhoiic pfOCSlSlfl O. IXpI[I systemS. •nd Olhit buldSn el Ioulin• list• r•duction horn Sci•nllill •nd hilling Ihsm In locus
allili¢ill IOIIIli0sNci pilidlgms moll •ll•lllion on Ihl physlc•l Iflllrpi•l•llon ol Ih• islulli. II will •lso
• Ahiilly io IOOIIIUCI pcwlllul Ul•I IOISlIICl &Sill Ih• ullr Io ptobl•ml inceunllr•d In Ih• I•duclion proclll,
• P{ovldl Iliilhllily I0€ polli_ 0 In elhll wGIklllllQnl
• Low coil Iol oul usIII Iiilil[_ d•ll •N•lyll• woIkIIIIIQN, plu• mlnlm•l II Tlchnlcllly I•••lbli
any $OIIwll• ilcl_Slil
Innovlllv• In us• QI •lplll lylllmllAI I•¢hnoloey hul bulll 00 IouNdilion €l
ChoiCll: •illlln I dll• •n•lyll• lyll•ml
• Csmmo4 &lip
Wlll-IIIIli flip ulllll v Ublll i I1 Ilicl PIOIIcl OIIInlld tOWlrdl divllopln o • uillul Icol Ihll will lun oR commonly
Ulld lyltlml
• ObJlil OlilnlOS (ComlNon Llip Oblici iylllm) .... '
• S,bslOd window Ivllim
An oupllcli dillon Itltulo OI this WOlk II Independinco ol shy pilllCulir
MOlII? Ctlldl OIItll "iclsnIIIIc discipline Or dil• lnllylll lyllem, / which sllowl II Io be •ppIIsd
In mulllpIt l©llnllllo dllclpIIRll.
llkl * SIll Wlillll_ lltll_t |l ,litf .11|1 I I
tlUht# * AI$1t Wl_llll/_ •_kil_ 11 Jul_ IIII I "
1
ilow to Besl Involve the Scientific Community?
Losd USIII:
• involve lclInI|lll In use and Indspllldsnl lVIIUIIIOn Of Ilplrl ilSllllnl 81
lois is polilbll ll_ idalllOo IS IclINIIIIG inpul OI PI lnd CO-Ill
• Wl Illl Ihil II Is Impolllfll Ihll Ihll IQol bl Ulld wilh Illl dil• Ilducllon
pfo_lolnl iS Silly IS _olsl_ll. _lp
• Even the inlliil VOISIOnl ol the EIpSli AIIIIIInl will be lullicllnlly
pOwullul Io pay Sick I_l Liid {JSlilll CO( (fill( IO¥lllml_l O| lime.

PRINCIPAL INVESTIGATORS PRESENTATIONS
E
OVERVIEW OF THE SYST'M$OF EXPERTSFOR
INTELLIGENT DATAMANAGEMENT(SEIDAM)
David G. Goodenough/P.I.
Canada Centre for Remote Sensing
Ottawa, Ontario
(613) 952-2760
Ko Fung/Co.I.
Joji Iisaka/Co.I.
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OVERVIEW OF THE SYSTEM OF WHICH AGENCIES ARE INVOLVED?_jEXPERTS FOR INTELLIGENT
DATA MANAGEMENT(SEIDAM) ENERov.,,,,._oRESOURCESC,,ADA
•D,,,O,teNSEFD,,_"O_=SEN,,"
. FoRE..y=ANADA
DavidO.Goodlnough, Ko FunffoJo|l IJMkA, • PACIRC FORESTRYCENTRE
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PROJECT.PLEASECONTACTDP,LDAVIDGOODENOUGIt.
WE THANKTHE NA11ONALAEROHAU11cSAND SPACE
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I The Scientific Modeling Assistant: I,An advanced sol ware tool Ior sclenlllic model-building I.Methodo,og.yI
llichard M. Keller • Study existing sclentllic modeling softwareMichae_ ll. Sims
PrincipalInvestlgalors • Design tool to meet sclenllsts' needs
David Thompson .Chrislopher McKay * Relmplement models wilh our new modeling tool
Michal Rimon Jennifer Dungan
Prolecl Slaff Science Collaborators _nillal Focus Areas I
_JJ_]_ Ames Rtstarch Ctntcr
Artificial Intelligence Research Branch * Planetary Atmospheric Modeling: i
_J,,f t*_,: =Tllan G:eenhouse Model* (C.P. McKay, NASA Ames)
Me.k41_ CJZI_l_tWe
"'""*=" "*""'"" * Earth Ecosystem Modeling:
"Free!! BGC" (S.W. Running. U. ol Montana)
Funded by I_ A_ll_rl l_rmatl_n SystemB Rel,om'ch Pr_gr_J
ProJeclGoal: Build a specialized soltware tool l lOverview of the Scientific Modeling Processto assist in Sclentilic Model-building =
Analysis & visualization facilities I. Conceptualization
Interactive graphical Interface IFEATURESI
Intelligent assistance 2. Model-building
High-level modeling ::::::z::.:;'u;:.'-,-...'.=_.':".... ............. _"-T.._/'_ o "
lang.age ''-'i-:,!_-_=._..'_L:'.-_':".-" I
Libraries o[ data sets .... _;_Ei_.i_!;_!._,,.............. I,//
Object-oriented equations, subroutInes....... =::r._........... ............ , . J
programming physical quantltes 3. Experimentation F_'-_'-_
Artificial 4. Analysis & _-t=_ |
Interpretation ooO°_ "-. _ )
I
TECHNIQUESIsymbolIc visualprogramming
......,,,,......,.. ,.,... manipulation _ _,_--, ,,.,
,oL_
Oo
U
_o
[Outline| LProblemsand Opportunities
Problems:
Jl • Labor Intensive
• PhiI_l'_jec. Introduction • Difficult to understand, share, and modify
|[_P 2. Problem & Approach Root causes:
3. Case Study: • scientist.' programmerII
• Wrong level ol' abstraction
Modeling planetary atmospheres • Implicit knowledge buried
4. Summary p.,..,.ip.o..:
• Improve sclentltlc productivity
• Foster sclentll'lc communication
• Disseminate modeler's expertise
i==l=,:_=l_llpmUl: 1_
[Manual Approachto Mod,e,l-bulldlng_
' [ The scientists' plea: IBackground "Spare me the programming detailsl"
Inlormalion
• Variable declarations, storage allocation
• Scientific units bookeeplng & conversion
• Data structure manipulation & management
Texteditori,_,_._ _°o ( _--'_7_'",,'-=.'_) • Documentation
_!._J_ Conceplual • Symbolic manipulation
._'_,_'J Model • Interfacing with sclentltlc datasets
_ hand-coding
• Numerical programming:
-_r_-_=_-_.-_=- _ Model ODEs, Integration, Interpolation, convergence
_tlll
•.,- _=._-.m=,,,,., i=;'_i_mx._,_..=, etc.. o
n=l= _l=,gg_ _,1 a4,>ll
I •
, l:,,._iJ,ge-n-tA_._:_._ntAp';._,ach! _eric _M_odellng:.The .V°yager. lly-by_
Voyag_
.. _._,_ _- :. _..: Ref¢_.,:dvity
• ...._-, ,,, _,,,. / .------, fJ--._ .. ,
I ..... _ 0 Programming Kn_.wle_ge I -'
[ "l'e_Iooc¢ _<now,%=cg= t ............. -
....................... Ptoblem-speciflc Knowledge ,_.--_"
Sclenlilic .. _..aodo,ng_%_'_
Asslstantk ]i:_..._" _ _ Conceptual
Model Profile P, T>Almo,,pharl¢ <pl
Execulable Data _ mxchlne-asslaled R:measuredrelracllvlly
Flow Graph _ _ _ ._...--_lmplemented
I,----_ • _ P------,_ I Model
li °°,a,,o. Ior co.m,puling atmospher!c profile
Jl " "
#_k_ll_l I _ (aM=l| ,
J2. Problem & Approach " O.,_/ O /
3. caseStudy: "','-*" //o_"'.--'
_in_ iIIRudl: [
Modeling planetary atmospheres "" ,, .... _ _'
4. Summary I 0.. _ __, Equationsu ed:(E)_.=..,,g 1i
o_ Armp,_,qp,_ _','llto
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1 Prololype Modeling Tool Provides: 
. . 
Llbrary of relevant: 
data sets 
physlcal varlables 
equatlons 
flechanlsms allowlng user to select and apply 
equatlons to data and compute new physlcal 
varlables 
Model/data dlsplay features: 
data dependency network 
' plottlnglgraphlng fac l l l ty  
tabular dlsplay 
Model management envlronment: 
mult lple models and multlple sclentlsts 
J1. Project Introduction 
J2. Problem & ApproecIl 
J3. Cilse study: 
Modeling planetary atmospl~eres 
4. Summi~ry 
• Completing development and evaluation of
first prototype
• Redesigning system Interface and Internals
• Adding additional domain knowledge
• Hovlng toward more portable system
• Investigating other domains:
Ecosystem modeling
I
.!
IMa!or Milestones I
• FY 1991: Complallon and evaluation o| Initial "alpha" i_rototypa
• FY 1992:Design and Implemenlatlon ol a "bale" version
prololype Ihal will be used by a small group
ol atmosphericscienlisl-users
Begin development o| ecosystem model
• FY 1993: Enhance syslem and make available to a group -"
o# Cassinl Missionscientistswho are involved in
instrumentdesign
Make system available to ecosystem scienlisls
U
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KNOWLEDGE BASED ASSISTANCE FOR
SCIENCE VISUALIZATION AND ANALYSIS
USING LARGE DISTRIBUTEDDATABASES
Thomas H. Handley Jr./P.L
Jet PropulsionLaboratory
Pasadena, CA
(818)354-7009
DonaldJ. Collins/Co.I.
RichardJ.Doyle/Co.L
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Applicable Technologies
Oa'a"" I----I p:.o,.....RaptesenIM_ d Minlglmlnl
._,..........,.,._,o >... , //Science Vllusllxailon end Analylll
Dots Management T. Handily (PI)
P. LI
Science D. Colllnll (CO-l)
.4. Tten I I "Erpcrl Syelem8 L Pclcone Eipu.r_yV|sulllllllon S. Jacobsen (COIl D_.A_. /M. Wade
Resolrch T. Mxddoa ISummcf Faculty)
Jvll r|.tJ iiii tHI!
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Objectives
* Sclantlllo Dill Modcll
nell driven Ins|yell.
"_ nile Iranclormlllone
,_'_ DOIO iomantlce
r!'1
Anelylla-rellled knowledge oboul dais
_"° nail discovery, ingestion, ealraclfon, ...
Sell-delcrlblng dais alruclure8
:_ -_----
• Inlclllgenl llltltanl lylllm(it with loll knowledge el dill management and
.. enllylli buUl-ln.
€'1 -.
"' • Use el mature expert system technology to lid e=plofltory dill analysis. I.e.
,,1_'(_CLt_-_' expert lyltcml, neural nell. €lassificatIon lylllml.
r" • ccpture and encode knowledge cboul the dell and thalr lelOclited processes.
Encode Iclentltlc knowledge isle the routines, pfoceuel lind procedures.
.'5
_,_ * Provide dell mlnlgomenl services to exploratory dill analysis epptlcltlonie)
I.e. LINKWlNDS.
Jul I ll-l} Illl lilil
/:
UJPL O JPL (_i:_
DalaHub Functional Archllecluro MelaDala Rapresenlallons
_!_ DldsC|aelei
_l IlllOIl|! _JClilltCirl Ill I
llkm,a4 Id*glil_*_ll lu_h,oe
JmO_||-u ioet INN Juer |1-$1 leer r_,
@ @
Dill Reprosonlallon LogicalAcce,,s Methods
Seloctlon OplfllOrl
• UnUcwmlyFkkled I_1_,_._ dill
• |a*,_l.l: * Range selection' for one or mole Independent variables. Required €onluncllvo
conditions |oF a-k dlmenllona ( n-dimensional dale, k-dimensional display).
• II 4 time 4 iS. whole Oeplh • dl
I • lnumllllld iIlalll0n for one or mola ilia vllllbiOl
- TIml • I tl, I1 .... In I
O¢olll_ll41tll4flillllalll Itll_lOIll * llololllon Iof the dopondont vlfllblll
• Tlmilllllull 1_ 10 dlgrll-C Ill TlmpllllUfl DllllII
F.IIItlItlL_w - IFfoquency > 21 |Of FI0g Dllllot
-flOP
• VICAR l.am_ Oqw_Nlvl
• fill
.CnF
JvIIP I1.11 Illl nail Jvl v II,ll lOll ||iN
Loglcsl Accern Melhodr 
Translormal lon Operalora 
. 011a l o r m r l  convrrr lon opmralot 
. MCSST DSP -, MCSSI nos SDS 
RasIrr  convrrs lon oparalof 
- MCSST HDF -, YCSST HDF RaSlW C b l l  
. Mspplng balwmrn collaclad d r la  and known lac la 
- Ocran d r la  r r r t u r  LandYaSk 
Fll l lng In mlsr lng dala 
- Usa local dala l o  1111 
- Use dam aalacled from o l h r r  l lma lrama 
- Use dale aalacted f rom olhar corralelad dalaael 
Olhar map pro(acllona 
Jrll l I . 8 1  I##l 
IPL 
Loglcel Accear Mnlhodr 
Upda l r  Opafalor8 
. Tranracl lon 
Alomlc asllon 
. Trrcaablm unl l  
Aacovarable Un l l  
. ~ a s u l l  d ~ l l s a l a  alorad In user area 
I e g l n - X t n  
DSP tIOF SDS 
HDF SDS -m HDF A l S t ~ r  8 -b l  
HDF I - b l l  .D HDF 3601110 
End-X ln  
Prollrnlnery Soltwrre Archlleclure 
IPL 
Todry's Prololype 
,q $z;- LIl'ssl D*. 
lIIU11 
440 520 550 670
TEMPERATURE SURFACE WATER CLOUD AMOUNT
WINO SPEED VAPOR
i: ................................ -_........_ JI:)L I!7i_.!:
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An Inlerestlng Sltuatlon
(Summer Research Fellow)
________._--_---_r_;._ * EIponlntlll Inclaaso In volume el dale.
• A faducilon el domain specific analysis ospartlse.
• The Io88 of endTof doily In the discovery el knowledge.
__,_-,_, --_
Jwl_ l|,|e awl| IHH
..p.- @ -.p.- @
LlnkWlnds An Intriguing Solution
(Summer Research Follow)
• Modlflcationa and addlllons to LlnkWlnds made In auppori el lhls actlvliy.
• The development is| Intalllgent asalstant aystems wlth some knowledge of data
• Size limitation on Ingsslad databases wore fallavad to isccommodlta the misnagement isnd analysis built-in.
ocasnoorlphlc dill, All appllcltlona wlrl filleted.
• LJnkWlndl: allowing UIIII In lalact dill iourcaa 8nd link tham wllh villous
• An Inteltaco to NCSA'a lilorarchlcat Data Formal (IIDF) was Implemented. transformation procedmal Ihlt analyse end display dell.
Methods were put in place to convlrt tree isthar liandeld formals to ilDF.
• Oraphl©sl Representation of Knowledge (GROK): nodes and links (graphs) ere 8
• Dell0n ot dltlbalel elChenoe protocols end latsrlace between LlnkWlnda uaetuI vlsuJnsatton o| this grouping and ordering of general knowledge.
end Dllltluh was Initiated.
• Science Analysis Assistant (SAA): an embedded formalism lot advising
scientists aliouI this salience ol dell.
• Tile goal IIIo laducl Ihl dllllcully ol manlglng of Ilplorlng compile of Ilrgll
dltlalll Ot knowlad0a billS.
Jwl! i|.|1 Ills IIIii Jvl r |l.ll IIII lllll
U
£go
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Our Hypolhesls Possible Outcomes
tSummer Research Fallow) (Summer Reseorch Fellow)
• A high level o| selislactlon with LlnkWInda: maybe because It is li €omlolllible * Salience maesuleli which lira locally Interesting (Item dlitli perspective) ;taHI
reflection el the dill analysis skills and processes of Its development learn, globally Interesting (tram Iho domain lipeclellst'li par|pectlvi|.
• ;he combination el procadureli linked by the user can lied Io the Identlllclllon • Concurrent {fell eepIoratlon paths.
OI lntlirasting lealurlI ol the original derelict lind Ihe possible dlscovery ol new
knawllidga. * Eeperlmantel trills to determine It liIgorithms lellhlully represent user
preferences and goelI.
• Emergent behavior seems Io be • result ol the linking process which Is driven by
the user's domain speclllc end 9anerll knowledge and eepollenco. • Mlichlne lalirnlng lachnlqume used to generalize dell enelysil ilgorllhms.
• The precise ol dalai analysis le wall-represented by I graph o| connected date.
nnliiysll lind display procadulae
J.l I II-I! till rltlt Julf II-II rill Illlt
JPL 0
Research Objectives
(Summer Relielirch Fallow)
• InveItlOeta how Informlition hem I) the orlginliI data, 3) enlilysll end display
procedures and 3) the user may be combined l• facilitate knowledge discovery
In I dllllll.
• Eeplori the development el llgorlihml which |lplelenl how Inlormlll0n
llglrdlng iflllylll golll and hypolhllll I Irlnilormltlon ploclidUrll, led
mlllEilll me 7 ba {omblnlid IO II¢lllllll Ihl dlicoill7 OI knowledge.
.. -- J_ ....
Silk Io develop dallllow IlprlilianllUofll If the Inlormlllon between these .% _-----_---- .--J-._,-eOUlCOi. _ .. ....
• Charnclorllo Inlorlcllon dynlimlcl gl Inlormlllon lop-down In I goal-driven ......
manner hem the Ullr towarcili the dale end the linnlyall end d|lplly precoduroo
and boliom-up In in livent-drlven manner.
• Use r0lultln O melldIlli Io charlclerlxe end cllissify the enmlylle lind display "'" ..
prOcldUrll.
• Clllslly Ihl €0oplrlllvl or somplllllva Iniofmillon flow dyfllmlcI.
,Ivlr I1,11 loll lull
.° ,,
_ ' ! _ _ I " _ II
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Science (conl'd)
Iho pI¢lllc Iludill IOqU|/O I much blOldll lOnllll I(s witllh I0 Inlll_fiI Ihl mlllUllmlnll
...................... _ OVId i d hy Ihl limo-IllloI In d* proitl8 oq_nled Iludlol.. |o |d_ll$1 |hi hi•Idol ¢Onllll.
I•lellile Inta_of]f •IA _#llVldll • dOlb¢l|plIQI I>| IhQ IpsttLI an,* Iompol•l I€11•1 GI Ihe bloloC]lcsI ar|,J
phy|i¢ll p[OCillil IA d Ihlk vMilbllliy, includln_ Chln_iI In willl| mill, ItICldlhl ii#ldlSiIce.
AulflI_II Ind Ihl €lnalquINI Io#mlllon el hi•oil ol tlillllin_ IpIclol Ill mllinQ phyloplanklorl JILJ$
blClllll. Wl mill UII • |Ira• Ilflll ol CZC 41 ImJell o| I_i ilmOlphlll¢ Ill•SOl IIId pJgmlrLI
dlllllS_uIID_l Iol Ihl Iliflll pl¢llll O{111_, tllltll{I |l |nclu41) Ihl [[ll)ll_ll_l Illl_)l_, illll_d_t_ ill
_0lll, ll) IlUd i Ihl IIilin il ViiIibllll I II pIl_il_ plodu¢llvll_. {hll dill will bl {Omblnld wills
I_lll Illlll II Ihl iICSli plltluGI loire Ihl iil-lUIIl¢l IIm_llllIJl• ind _111 I_l Ihl lhslllhUllOll _1
IUl|i¢t IINi IpIll IRi Ilmllp_llll {lll/d IlllllbulloNI I• pIO_IM¢I • IOCII ¢lllllOI0g_ OI Ihl
IqUIIIIIII II_i IUi*lllll RIIll Pl¢lll{ I{lln. 11_111 IIIlSl IIIlll will bl IIIml_l_ _l _l_llm_l _1
l_lllll lnd IlllS_llll Illlllll¢l II ploduGllvlly, Ihcludlnl Ihl II_lillrsnull vllllllltll Ihll OCCul lib
Ihl pllducIIvll_ 1lSIItl l_ illllllllSl ill Ihl _hill¢ll Ihvilonmlnl.
Ikl Illlo_ll Imllll_ Ill•l Ihl IIO/IN Pl¢lll¢ will _liVl_l Itl _lllOll=ll €oil|ill Iol ihl €ohlll_utlt_
Ill/d_ II Ihll IllIQ•. pIf Ihl lll¢flpllon tl Ihl IIIlOAll plUllfll GI _llllllf_ ploducIlllli.
{•mpOllll I_lpl will bl II_lflllt liONS I_l _dlvldull I=l_ll prO'lUcid IlotN I_1 CZCS llC_lVll+ .,,'
lhl IIII II Ihl IlIp_lllll II It pllVldl • IIIlOllll dllIIIpllO_ II Ihl plodU¢llvll i OI Ihl II_IO_
llS(I II _lllllVl Illl II_pilll Ihl¢l¢lll II till Ihll II lu_dlmlnlllli IpIIodIG in 121lUll. |wo Iuch
ll_l_l will be _oi_II_ I_¢lud_o IIpI ol I_O Iolll p/odu_llvll_, {Ol_pullCl I_Om I_l IUlliCt
klllllAlh hA l IM Illlf {IluNSll pllmltll {oNIInl IklOUIN • model dilcllblt I v /_DIIIHI, el II,
III1. I_ll II Ih_ {iliON IlUl IhrluIk • toSII UAdll IGIVllOpNsl_l ll_ UIl¢hlU, II il,, I|11. |hi
{_ Nsldll el Illll plllu¢llvH_ p_lNslll I_1 {•mpulilllN II Ihl Iolll {11 hlln llllmllll IOtl blph/IopIlakl_ In Ik• •_ll_. whll• the m•diI Io_ Ih• €•#_e_ _U• •Ill•sill Ihe I_l¢llon •1 Ih• Io1_1
¢•_D•_ •llINs_ll•i Ih•l Is Co•ovid Ilen Iko I_lll• •lied Ilyo_ Ihrouoh p_o¢oll•I which
¢l_Ulbul• II Ik• I_pll&l el COl film Ikl •lmOlphl_e,
Jvl I II.II Illl I_H Jvl i II,l| tl|| IH_ •
@ JpL @Science (conl'd)
_CllllCO |_|l I•Ik ll_ hdtllli Illl IIIUI •l I_e llleelmlnl el pllmenl ¢_nce_lrmllen, and al Ihe rlSlmnc•
l_l _ll_ll i p{ldsl{llvll_ il ph_llpllntllll 14 Ikl ICIIN II II/lll _ IIIptl_llhll Ill INi ill|lllllllIOll IllVll_ I Ihl Ill IUIll¢I, II_lllllll II ! 11511 pllmllll IOh{llSlllllill, III • Illllll I_11 II
II ¢ltb_l Inll Ihl l¢ll_ll ll_VIll_mlfll ll_(I Ihlll iN pill I_1 IIMI¥ il II Ill_ln IIQ•l I_1 IINsllphlll, I_nilmllSlllt_ IIllllllll II Will IA II_lllll Illll_l II I_1{I lnt Ileal _l¢l_ll II ll_vlll_mlnlll In_
Ill•lUll Ihl Illl/I II Ihl_ihl II _ • plll_ll#_ Ilhl Ill IIl_llp_ll_ ¢II_DI_, Ihl tlli_l Wldl l/ll IpIlllll_ll II{llll. ll _¢lllll I•ll llllll_llll, dill lIONS Ihl III*IUIII¢I Ilmpl_llUll, lUlli¢l
01•ill dlllni_llo• OI l¢llhl• plllll_ plodu¢lllll_ II II €1/_1111 _pOlll_¢h iN Ihl IlObll bud0ol II I_lllll ll_ll •lO_ ai li_ 'lejn II _lld, I•ll{l%ll I {ill |hi lim_flll{ l_(I IplUlll_ ldllllnl _l_mllll
{llklll. TO UAiIIIIINI Ikl Illkli plliUCIIvll_ OI I_l lillAl, Ik• Inllll{lllAI lllNlltl Ikl phlll_ll Will II IhlllpOllll Ihl CZCl Will _ll_l II 1 IIIAI el IIIlmlllnp Ihl Iolll plgmltSl Iltld, lhl
h_(I blolo_4€11 Ilfu©lUfll NSuII bl tAlwll, |hl b_loli_ll popIlllllOll 01 Ihl I€1111 II hlikly vllilbl• Inlllpolilld pllmlnl llllll ll_ I_•ll _l uIId II plovldl Ilml Illlll Illll_llll OI Ikl pi_mlnl Ii1{_
bol_ I_llllllV 1A4 Ilm_Ollll i on II lime lNi I_l_l llllll. {l_l Ilobll I_llUll OI Ikll ploblim Ihln _lmif_ ploduCllVll_ llllil Ill IlSl llUdy llll,
IlqMi#ll Ihl Ult OI IIlIIIIll IHIIIUml_lllIOll ll Ihl •_l_ plllllll ¢l_phll II Plovlllhl {_vlli_O O_ _ II IlIIAIIII II ill IIIIll¢lll |RlllllllH€l IllhnllOl_ I•{ I_1 muIIl_lmlnllOlsll I_IIIpOIIIIQH Ili_
IINSpOIII Illd Iplllll I¢llil Ihll I_1 i_pfgpllllll II Iho llllllmlnl II {l_llon I_JI I_lo Ihl Illlll.
lhl loll 01 Ihll Illtlf{ II II II ill{lllll II u_dllllll_llilsl II I_l IlUl{ll II llllll_l_ll III I hi Ill IllllplllllOtl 01 |kh pIImlAI dill IlilSI lll¢lMII IUISdlmIAlll phyll¢ll lad _lOIOil¢ll (lll¢llpI |Oi_l
II _l_lvl41 • IraQI• i¢¢Ull|I IlIIIINIAI OI KIl_ll _OIlU{llV_{ I/ONS l¢lll_ lOIO/ kNllll i, I_l O| 1111 dill I_l_l _lil llllll _lUllllil_l In Ihl pill II ill¢libl Ihl dlvllopmI_l ol Ihlll IlIIdl i_
O _ 0bllCllvll OI IJ_II IIl111€_ IFo Ihl dll¢/JpIIo_ II I_l lplllll INi II_poIII dlllfl_utlonl Itl(I Ipl¢l 11111 liml, Ik• lillllll¢ll lll_lIpllo_ pl•vt_ll ll_ |hi ull I)l _l ll¢_l_l_i_ _lll •l_l_l G_|vl_llbllll_ •1 Ihl llll_ll_l• {ommunll_ I/I I_1 III i_ll I_1 pll_ll_ pl•du¢llvll_ iI Ihll ¢omlSlu_Jl_. Ikllliy II pIIdlCI Ikl dlvllo_mll_l il Ihlll _lldl Ihl•uIN Iht UII •1 Ihlll II{h_iqUII IO IIIIII
II I€h11¥1 Ih•ll •bli¢llvll , Iimolll_ Illllll dill II Ihl IpIllll I_tl IImpl_ll dlllllbuilo_l al I_1 #o111 II i1€1 II I_1 p_ll¢ll plllll_lllll II1 list dlvll•pll_l_l ol Ihl plernlnl Illi_l Irl IpICI 4_(I
1 pl_l_ln$ {Gl_¢l_|lll_fl, |l_llIll|SIll Inl I_€1(11(1| _lldlli_•l 14 Ihh IMIII¢I III UII d II pllV|_l h II/_i*
_._ dllCflpllOn ol Ihl IIII1_11 vllllbllll_ I| II_• llllll ¢OIM_IUl I_llll_ plodu¢llvily In th• _•llkPl¢lll{ 0€11_ Iili II I1_1011 Ihl lllillll Ind I1_01 il illlll_Mll_l II p_ll_llhilon tJ•mlll III I Wllk Ihl /IVIl•_llll•l hi pllplll_ Inlllpllllld I_t IIIIIp•llllt IIIIdl, IlU_IIII o| Iht _11 lndpiiNsll_ p#odu¢llvll ! III Ihl iqullOtlll Pl{llll O¢lln upwll_l Illll Int _ I_1 oll_oll•_hl• llnlfll Io111 p_lmll_ plll_lllvll_ will plfmll iii iiiiiill_lnl •1 Ih• ¢lfbOtl Ilul Ill Ihl I_UIlOIIil Pi{lll¢O¢llfl. Thlll {In¢•pII II II bl Illllldl I II p#ovldl In IIIIIImlnl •l ihl nil nul o| ¢lfbOn I/om
Pl¢lli_ ill•, I_• iI_ol_hlll I_l• |k0 t€•1111 oil itl ll_nUll _1111. O_1 plllln_llll_y •lllmlill •1 Ihil qUl_lll i Ill
I I _lOtl_l I1_ MtldlllllnSln i OI Ihi Ilohll IlUl II Ilrbon Ihl_ugll Ihl I_pl_ll o€1111 kill Ihl i€1111 $1 QIo_l Clli•ll pl_ ill/ illlll Oft illlmllll I| I_1 Will{ IIIvl_l /Idllh¢l Ind I 11911111oh olbollQl_ ildlllsl_ll, Ihl JG(_E_ _ltllll_ I CoNsmllllt _11 I(ll_llllli Ihl llll _1 IDI bOl_ ll_Nl-I•llll I_t Wllll IIIVl_ I ll_ll_l lnl el#hill Ikll tlllt oll Will b i ulilhlll, II II,, lill. I_111 illlmllll
_locIII O/llnlOi #o0ionl| IlUSIll I• Ullmlhl Ihl I_•|l _1 •l_d llIp_lll dll|ltbS_lIGl_ UI Ih• _Tl_ will II llllnlt Ihfo.lll • blllll Ilil_lll OI Iho plemlnl lO_¢lnl{•llD_ iiId Ih_l ol Ih• wll_l
_1 lilt b_olo91€11 piiimlllll wllh dllll_llhl Ikll Ilul Ihi _lvI Inlllilld 1181•nil IlUSIil ol Ihlll III¥11_ I Ildlln¢l.m plOleltll, A I•ilO_ll IIM_ IIII blON dllln0t Io illlTIbl I_kl illl OI Iho llo_lh P1€111€ O¢llll k_ 0_O
_ Ilohll I1_1 o| •lib•Is. lhe •qull•llll Pi¢III_ hll t•tN lell¢lld |ol Ihl _ll_llve 1110€111 Ill, hillIIMd i upwlllln I _11€•1111 IN I_ll Iial•lll IM_i • I_•-IIflll I|UI i II I_• olllollophl¢ =in|Ill
PIClll¢ i_ll _11 I)IIN IAIlilll{I will Iki IIIWlll O¢IIN I_1-$11_I IIMd i II II_l A[OIIA ilii.
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|hi I_ell lelllt oblecl II tG i/_Oell, II mill, • Illge lumbeF RI dlillell leillld Io Iwl delebllel*
|hell 10e the Mulll-Ci_lnhoI Sll SulllCl remplrllute _M_jJr_ dill whlck i/e global t_¢eln the visuliilellON lelil end inllVl41 plOCedulel IR LlnkWlndl lultl_el help €onslllin the seelch by
lempolltUel meelWlemeRle, end the Ceellk| Zene Colel I¢lnnl/ (CZCS| dill which mlllUee oCIMI lilowln I dill Illnololmollonl le be leplelenled b r color, inlmellen, el elhll Vlluelly pelCe_llhh'
biota•el €_n¢o Iklel d111 lie keg••lid Inle L|nkWlndl, NI leoil deR be Mild le liUdv Iho lellUlll, [he cemblnelion II plocedUlOl ibked hv the UlOl €oll lied I0 Ihl idenlllldal_OR uI
Inleloelin I leelulle el the ofioInl4 delllel led the peelible dil¢ovelv ol lew knowiedq¢, ih*_
deJ#elll_Ono helwollt ideln iimpilel_e 1Rd hiomlel, emlelefll _elev_Jr Illlltl |e be I IllUtl Of Ihe IInk|(I e _)l¢¢eee whl¢lt |1 d/Ivln hr Ihl ulel I ll_e*J.*,l_
lhl edelnoplephi4 rill•lOll wh4ck Me Ibo IMbUed| el lul ROll-tell llUdlei I_O 41leer ihllt epoclllc end ilnllU kRowiedoe lRd lap•lionel.
dllellll plevlDullr tiled lit LInkWlndl, rio UC_I_ dill li compolod I| two |mloel meoluline
|041sl424 p|lell, wlUl Id-blli Illl pIlll. ORe I,'l_ldll le Ih• dll• IlleJ_, end Ihe elhof Iml0o plvel tlol_e ol [kilo ilimll 4dell lie embedded |R GROK. qpol¢lliclliv, GROWl dlli01_ Ileelll ihel nedol
• mlllUll el Ihl _ulillr el the dell Imlte OR • plJol-bv.pilel bllll. [kill dill Ollll _In I weekly led 4_ki (Ifephl| Me i Vlelvl viluIl_ilien el |be OIoup_o end el•olin I el 8enolel khowledge
helil, the _ZC_ dill II mullllpedtlll _egel lit live ¢hlwtneil, licit RI I-hNl lanes. [hell Imlpll Oleupll_ O led eldel4_ I lily be II¢ieilllld hy "llpplnl" el Cenneitin I UlIpI/Ili knowledge ellmlnl_
• lee relieve _OelltOl4 I_d is411 in • Wolhlr _ilil, II weM el Lq monlhi v compline loire, upoR whIck _nlellndei rely el Inidl. rhll 41 llmllel Ii IOmlnl_ nelwolkl While e gleph wllh
Ipl¢iillll• UI1kl tepleel_l Ih• oemenlle leJlllonohlpe bilwlin Oh|till |hides) il the O#aph S*J¢ h
tel inpoellQR. IN dill hie boil illnllo_med I• |he HlefNibio *j alll _olmil |flOP| developld It |el _llWolli &_l hl_l_/_kii_ i_d _llll _holillnii II Oiler I lilfliloliell¢ el _edel JR I_o _llph
Nellonil _lntel Ill Supil¢ompull_O h_pie¢llieel |NCOA) el the Unevellil_ el _li_iil. |inkWell Mudb el Ikl de_e_lbnill led I_iiilcili _lull4 hllWOlh Illeilih I_veivel Ilnklnp nodes Ihel e_l _
wli be m@dilied le ooId Ihlt ell_dlld dill IIImll. limp_ ¢ompule_ I ielme_ti in • ilmlel# Illhion. eeleilih Ii _n plOgllll ltll will use Ihl GIl(lR
IldhlllCIUll II {InnlKI dlilllbuled dill IOUl{ll led l_ll[lie leMlinll lilhl_4 end _llwli_ IIIM{_llkO
el¢l_el el lie leflll lill ol Ihlll dlllllll, Ik• kl_llleO_ pll¢lll li Ilk4hl _l¢l k_ Iwl Illlll* helll l_ I ikl/Id Ill,Ill Rlilih.
_o1 IIIgl e_l. the dell lie he4_p i_bllltld I_ll ]IIIIIP pilll _lpll I_ld p_l k_ll nor Iollll.
pFlll_lnll v dlell_ end dolled le illl Ihll dill I_11 Ihl LIIikW_dl INV_OR_IRI |1 _dllWl_ _l h_ We IlIM_I ihll I_i _liCill II dill I_IIVlII II wlll_lpllllnlld _r I ptlp_ el €onflt¢led Sill.
philip LI* I_d il lell_llld II _NI 1one I_ IhlUI Ill Wllkl. 0111€I Ihll II l¢¢l_p_lhld, ihl IDoll I_d l_li_lll l_d _lpII r pll_ld_lll* Oil e_ll¢live II Io iRVelll_ele how Ihlol_llle_ IIo_ II Ihl
€o_lloll ol LInIWIndl €IR hi IIRlidilleiV lpp_ld II Ihl IIMd v el Ihl dill. I_ _lplllllO_ Iq# OIIOl_ll dill, |l Ihi_eil I_d lilpil r plo{ldulll 14_d II Ihl Ulll _e r {imblnl Io IICiIIlele
II1_1 IwO. I_ Ileil led ¢o_llOil el L_kwe_dl lie he_ O Ildllllnld I_d modll_d II l{{O_Sodlll inow_lIOp dll{llll_ IR • dlillil, lhe ollli_ll dill Ilpllll_ll l_ liinl hillOl_ ol Ihl I_lllll Illll
ilhillll_ v lille l_lpl IIIII. _hl {od_p III Ihlll mldlli¢lliO_l II hll_ O di_l new i v llllC_ We•l. II_pelll ¢o_•illl_l el Ihl dill I¢_llllll_ I_V_I_N_I_I. Pl{lil4eni_ O I_l dill Inlo IU_Illl o_ Ihl
CO_€_III_IIv, Mill k_lllil¢l med41icilioni II lilul Ihl Uill II IIId I_DII_I_ HDF lille will hi bllil el IplUli, II_pllll, II libel pk_ll¢lllV el IIol{lli r IIIlllnl iloupIn_ l_d llilnn I Iiilul{e
dltliopli li I de_e klfelieR bllWllR Pkell_ L_ UIIcO Wide I_d Mlll_ Ol_l_. O_¢1 Ihell IIIbl Ill II IlllniilL Vkl lnllVlil l_d dilpll v pIOCldUfll em_od v • plioll IIl_elolmlllon. liduclIon. Ilid
{o_pllllt. _d the dill _l _i lul_ll Io_m €1_ be /lid _ IIudild_ Ihl_ we wld ¢O_¢lnlllli ipO_
_oeil[in I eeillln O {llllleUonll leoll, I_NI dlillep_l Rli lille II Illllld Ihl IIUdllO II Ihlll
dill. INN Jvl I II.ll Illl IHN
Jil ! IS-i| Illl i
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One /llU/I el I_ e_plne_lill In_elll _ relume el dale i_d • /o_u_ile_ el de_lk_ ipl_ill0 _l_ylil
ii_l{illl Ii I 4111 ii dell r i Ikl dle¢ovM_ el kRIW_ll. I_llh dellVl _ I_lill ¢luid I_le_ lillll{teeN Ihlllmlilll Rledod I• ll¢lnllltile Ihl Rlll_ll dliilll. Comblnllionl ol Ihlll
plllOl_l_CI dellldllll_ II €1111€il I_llel 1141_o, wh_k €1ul4 bl ¥11_ IipIRIIvI. _l{hlnle II{ _o{idMlil €1_ bl till UIII_ |_11 Ihe r III _dlpl_dlnll[. AOIIR, Ihil II I_ ellmpil ol €Olll¢llvl
hi I_il pfevi_l lel_l 1114111n_l _ VMeOUI dill iInlOIl_e_l e_d _llVlll Illll. rhl dlvelO)ll_ Ime_0en| bOhlV_, rbe uiIi hOl Ihe Ilpllie_=e nl¢l|lll r le llnl IRowlld_e el domliN depenell_l
II luCh InlelllleRI iIIIlllnl l[lllml ll_ Ii_U_l |bll loll bRew|ldli ir dill i_lRlll_l_l ifll pOlll led _pel_NIIiI, I_llrlll I_i dllpII I ple¢ldMIIl. I_d Ihl IO_F¢I Illl II d[Ive elplOrllG¢_
Inllvlil _I idq_Id OI buIII-kl II Ibll. ltew Ihltild I_11 bhlweldOI N• IIpIIIIRtld I_ • lelm Ibll dill i_llylil. Veltill IiidhlCh Iio_l Ihl Iil_elol_llleR piO{lllll lilow |he Ulll Ii _l{idl iI Ihe
I_ly _1 ill• b r I _llCllnil IllUN Illililll llltvl_l IRliViil lelli led hVpothelee.
A_ IlplOlllll v dill I_ll_lll i[lli_l, L_W_Ndl, hll bllR dllllep_d II Ihl Jil Piop_llle_ Oil IRvlllllllloR WIN Iiplell Ihl dlvel_pmeni el IIOOlllhml which lepIIlenl hew inlllmilio_
Llhelllel_ |JPL I el Ihe €llilefRll 1_llelull @l llch_oIoIv IR hel d I¢llnlllil Ifom ¥111OMI Illlldl_ I ihlltlil Illll Ihd h[peltllll, illnllelmlUeR p#e¢ldulel, led _l|ldlll me v bl
dll¢ipllnll •lecolel _lW l_owlldll _l_l dill. tlnkWIndl iilowl NI _lll II ili1€1 dill i1_/€11 {o_blhld le Ii¢ilNlll Ibl d41€o¥11_ ol khowlldgo. Wl blillvl |hll much ol I_e uiiil" do_nll_
IRd link Ihem wilb ¥11|Otil _lnllelmll40_ 1_o{edL_ll Ibll I_I1|_11 Q¢ dlepIl_ dill [|_kWi_dl II Inowledoe II emhOdlli IN Ihl I| dlmlnlIOnl{ll_ I_d 2| "_ile¢lIG_lill r OI lie Ilnkl helwle_l Ihe d31a
O_1 el II _1111 IWl elhll illOlil li J_L |_llphl©ll Rip_ellnlll4e_ II KRIwlldlt {_OK| I_d Ikl I_d VlllOUI IIIRIlellnlllOR _o¢lduIII. rbl le_i_ll¢l el |hi ill|l* demll_ k_o_ll_Oi iI
I_iln¢l Ahliilll Alellilnl {_AA) lhlll ibllC|lvll Ill II Ildti¢l Ihl dllllduH_ el _iRl_ino _ IIpleilnlld b I Ihlel I_kl. e_lR, Ihl UlII II hll lllll el _lh r el Ihl inel_lle led dlSpIiy
il_lOlln O de,pill II Illpe dllllell el I_ew_ldll bllll, i_ilhldl whi{_ i_1 v illill dill Inlillel. Wl Illl II dlvelop dlllllew ilpllll_iello_l el Ihl
Inlelmllleh hlllllR t_lll leM[{ll.
SCIOnlIIII i_l _IVI uIId [InkWIndl Ill IIl_ Illlllitd wil_ Ill _lll_illl_. rhl v Ii_ Mlnlp_llll
_ _ ICOlel mepe lnd cemblne, of llnk. elholr leelu, ee luck el "ilide,o's ¢lelihek0. lnd ilIplte le |uppo,| AReihlF llS*llch eblec,iv*l II te chl,lcle,i,e tl_e d[nimi¢i ,Jl lhl Inil,lc.on o! inloemIlion_lelecItvl _eRipulellll el dell |o_ Ill_lnilie_, Ihui ee144_ dheaola I Ihe Iope4eOr ol dell. Some In|ll_ilie_ _owl IOpldOWa In o oeel.dtlvea monlllt tlefll Ih II M|e_ Iowiddl the •_ll e/|d Ihe
ineiyele end dilpil v w_dowo _nd I_k0. One IIOlla Ill Ihe hiob llvll ol ellileicIlla will inilylll led dllple v pIocIdu#le. Oihe_ Ihlo#melion Ilowl bollom-up i_ en evonl-dllven mannel fly
1 _ LlnkWIndl ml v DI hicIuII N II • ¢omlOlllble Iil|e©lioR el Ihe dill iallrlll ikelll R$ pll¢lllel ol using peiieln le¢lpnllion, inlOlmllleR Iheolell¢ led oIhel I|llilli¢ll melhldl, lesuIlln O meladela
• _ III elpeliln¢Id devllopmlnl IIi_. LInlWindl i_ppelll Ihl Ilellli_l IIIl_llelllliQII el dell leloulh IRi v kelp dhlll{llllil Ihl Inil[lll led dllpllV piocid_llll illeliVl II Ihl Ilow el IhiQimil_oll
--_ e iiildh pll_lll whill I_l {llUlil el ll{h NIIII4ON IIi k_llfpillld led Ihl iill¢ll IIopI ol II O_le¢l-ollenild Illtwl_l I_ll_ellln O Ildhnl_ull I_1 v Iliow uI le €111111[ ihtlt plO_ldMIII le
Ildlll_lid when II_e $1111n{e levll II iiIIIiId. " will II Ihe del_llilvl el Cem_l|illvl InlofmlllO_ flew d_nlml¢l.
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_'_ Neural nolwoek ilgolltlUllL lkOll • ¢lmmoh IIilUee thM iltl thim •pill |item t•ft_tht_Ohll
_[.| _ Ilepilully, the ellUlO ol oue we;k will be • Ilion€• Anol/olS Asililinl wHhln LlnkWlndl el GflOKIhil mi ! be COpIbL00I idvUln i I lCbnllil IN Wlyl II SUblet • IMOO ditliel OA the basil If leohnlquel, lhoT wo#k wen wMb pen IlneM iylllml. The OClin iCllnCO domiln plOlenll in. IAIIIpOIIIIDR plObllnl Ibll {emblnll IImpofll lilt Iplllll ¢ohlldlrlllonl. Lon I known Io Iollow null
%; ¢s_'_ llllin{e mlllulll whl{ h lie Iolllly Inllllllln I {Nol l dill plllpl{llvl) lnd ilOblny Inlllllllnl
Illom the _l_lt_ i_e{ll_ll'l _ell_l{_lvl I. fU|Ul• llllll{l IIIMII _ncludl II Ihl _Oillbl{ llAlef blhliIOI ILIll plll_Nlllll IFI {enllnlllnllly midllld wllb linlll ip_lOllr_lllOn Iic_nlqgl{i.Wl lllil II•lllll • ple_l III Ini IIkCllt • Io¢_BIq_I II _OMQ_llllll Ibe _lllOll_lA_e QI Iavlt_tt_
(_ _'_ lUi01111_ I phvIl{lll _ el II01Illl_ IIAIMlfinl Sill ll_lllllel _llhl II InlllOII II Ibl Mill, 1|
._ II_lll_ninlll Iillll II dllllBl_l I II Iliel_kmL IlIIklullr Ilpllllhl UlII pllllllnCll I_l lilll, llm_UllllORII IIl_lil II I_e neA-IIAiii dImlln.
_i _ In• _| Ihl l_pll{lllO_ el IRI{_I _01_RkN I Ill_l_Ull _! IA IIIIl_l II II_lllllll eM# dill lnll_lll _ll_llm$ _llllmlB• I_l lllllle_l_lp _lOlll_ ill IMlllCl IIf_pllllUll I_d €_l¢lO_h_ll ImOu_l OIII
IIIOlll_l" I_l HliI_ ille_ |l_l II1|!1 iHOIS) Illl. UII |l',e _ll|le_ leliil_l_ |e _111
_._. _ {hlele_LII i_lllUlelllAII UAdII €loud dill IlvlA III IUllltl limpllllUll II_lllUi_mellll.
'_ rl{h_l_e_ A_ll lllpllllii II ¢lllllllllll•_ Ilgolllbll I_£h II GID] end AMIocIIII, I hick
u_'l , _ Ilptllll•l: b_l I1 Ihl €1_111 nil IS • Ill el Iplllol lad Ilmpelll lem_llllUll _illuleminll.OMI_u|I 141 I11 lll|_l Iiiiellni|_ I_lll_lel_l_ll _ll_ {I {ollMIile {_e l_loll_lll
IIIl_llI•_l. pIIIII Ileal Ihl _lll lhlcb Ill _ll ebl{Ufod by {IOudl I/l illicIId Io#
bpul II I_l nolwolk, lWl Ihlldl el Ikl Sill ill II _lid li Illl_ I_1 llilw_lS, lhe
Itmib_ I l_l ltl_d II _lll II lell Ihl ilhlOlL pilIOIt_lhll. O_¢e opll_ll IIIwoli
Ihl Illl_li IlIwIIL.IHd I_lllel eHd II_p@fll II_pllllMII _lllUlemlAII.
tllluII rlllnl_ I lad Illll_ I II I_1 I_l_ll _il II I_Ndlrwl_. Thl _llwOlb bll _IIH IFIIAId le •
l•_e_l_l I_ll_lll Ill_lq_ll le IIIlel |hi loll IAIolfNIIIil Sill I_llllll{ In•
Iil_pelll T. AddnloA el Ikll Ihll Ii{NHIque will _b_l_lle I_e AUr_II el Inpul Aodll in_
Jvll_ II11 Ilil ¶_ Jr411 II.ll loll llt_
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_tOlpOISlIOn _lobloml _lellnl cblllin_ol OCIOI• i_nlll_ dllllpl_01. Th• •_oIne_¢lpbll demo_
p#elintl • lick ill il dill plllmiliri IbM mull b4 ll_llMld end limb_ld le build I_ CUllenll_ Iv01io_ll dilllll• |ocknole|_ II Ioe_ll_ dtIlghed I_1 builnell •ire pleliltlh I
I_llfpOlllld liege, the lime liquUid le ¢•RiIiu{I Ih• blefpolll_ Ii IRblbllld by Ihe ippllclllonl_ end Slime InidequIll Ior i¢llnllllc lppIlilllifll. Thll RIQP li iddlieiln I the
¢om_ullllOnll teloulliL _lldll II lind • llm_llkl_llVl l¢rlllll_l llef I_l l_llll ill. IoIllwln I IllUll L_ I¢ll_lllk dill II_10el_lnl_
_INII©III Ihlllllll_¢l AI wl_ IUpfo_l I_11 IIIol_ b r lombl_l_ I Ibl Sill Ills _11_1 lille el I_l I#1
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MULTI-CHANNEL HOLOGRAPHIC BIRFURCATIVE
NUERAL NETWORK SYSTEM
FOR REAL-TIME ADAPTIVE EOS DATA ANALYSIS
Hua-Kuang Liu/P.L
Jet Propulsion Laboratory
Pasadena, CA
" (818) 354-8935
J. Diep/Co.I.
K. Huang/Co.I.
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J)Rc_:nlalioA TtR
AI'I'I.IEI) IHYOI_Ltl"ION $¥SIEEIS Ml.'_,l._tlitCII WORKSIIOP
I)IIJ/.;L']FIVE
July 22-21. 1991
tt.uldcJr,C,L)lorado
P,IIII.II-(:II,t_HI':I. IIOI.()i;P.APIIIC OIRFURCATIVE NEURAL N['I'WOItK ST_;'I'F_I
I"OK RIF.AL-TIP*IEADAI'flVE EOS DATA A/qkl.YSlS To research and develop• noveloptical bifurcating neutum*)Rphic
pailcrn recognition aptera/or making oplical data array comps,is.us
lind to evaluate the useo[ Ih¢ system |or EOS data €lassilicatiml.
reduction, analysisand other applications.
Ilua-Kuang ILIa
Jcl PropulsionLabor•far/
rnsadeoh Ca. _1109
-r'j
;:O
m
G._
*_' ODTI.IHE OF TIIL" T_LJC lhlrORTA/ICE OF TII£ WORK
rr;
The birur_ling optical dill and psusrn |•:.(:ignitionand classificationi_llem iSbared Off the
j"' Ozeoryo( Ihe nonlinear wave scatteringand Int©saclionin photorcfraclive ciTsl:ds a.d the
_::) ODIEL-'llVK no•linear neuromoRphici,lerconneclion and activation. "l]leoretical und©rstanJine.i Ilic
syltcm is imlx)rtani I*) nonlincass_icncca•d Ic(hnoh_y.
TE(_I INI(_ALArrRIIAL'II
The system €oml_n_l advanced spalial light modulator IcchnololLy with holoua[fllic and
_"_" ¥11NDAEIEI'4TAI.PllYSICAI. CIURAL'TFRISrlC5 pholercfsacliv¢ malellal and devices. These clemens |unction together to allow maR_,i,.cly
('-"_ parallel pRoccsslna at the speed of light. Expesimcntal r_ulls of the system can IcaJ t,_
IhlPORTANCIE Inventions Impmlanl rot IcehnolOlD, hreaklhrough.
_' rRO(;I;ESS SU]_.IMARV i The multl-channcl versionof lee systemallowsthe input o( dais simultaneouslytrim manydil]'erenttensor sourcesand abuto/[erJIsens(_ranalysisand(usioncapabilitywith hif:h ,'opacit
IF'IITIJIIE RESKARCII WORK pLAN and Ihloughput. The systemhat important potential applications include i)arallcl dalal_a_c
! search,image and signal understandingand analysis,natural languageI)f,_cssi.g. ill ;e_.hlilhH!
('_ to real-time mulli-channcl adaptive EOS data analysis.
o
L.q
L_
'IT'i'IINIL'AI. Al'l'ltl)A('ll I'III)I;XI'_SS _;II/4P.IAR¥ (F_I A_(nmpliJ,ncntsl
(Continued)
II_c lll:e..'.p:l_:e h*Jk_rapllic intcrcunncclioit and ol_ical pa,allcl ps_x.'c_utg
Callabihtic_with mulii-chanucl input cap_ity.
• The nlulii-ch:lnncl input is ¢©alizabl©by holag,apblc optk:al €lcillcnislll_EI _m,I (3) Invcsli|ate'1 haedwale issues Includin| key hulugtaphic optical cb:mcnts unJ u,:w
lliGh Sl)C,.'dnlv.l:ll;IblcSIJ_I's. t:ll:_.11snilc;dlyadJlcsscdspatial light nnbdulatu_s.
Photorch'active el}.SlaLSwill be uied I'01the l'olmillon o| the=bI/ulcallnI dcciskm
makin| petxcss. (6) Rcc©nt thco[etlcal and ¢xlx:limentai lesulLIon the spatial and spc_:tlai€lfc_.'ts,n n.,_c
fanninll for photorc(l'activ¢bi[ufcating plocasswas submitted for publication at the 1).5\
" Input data at© applied vii optical spatial lilhl modulatorl Into the optical syslem, innual mcclinI in Nov.. 1991.
• Output ale naturally €lassiGcdinto mnlllple dlannchloi, paJnloi'b_rlnchcs, tL/€. Llla
('/) Plescntcd In invited talk on nonlinear photoic(ractiv¢ optir-alpfoc-'..Ssingat the Elcct]i(al
Scpalalely-conllollcd or intcglatcd Ifld orglnixcddc,--bionlof the out into(marion IEnllnccrin| Depll¢imcnt of the (_ty Cullcge of New Yosk un June 24. 1')91. IIc al_,,
can be made based on lh= output, discussedthe pfoJ¢cls on the new wavelet tlleoq and iu optical implcmcnlati_)nswith lhc
ICscafCh¢ll led by Pi'of. Y. li it (Y--'HY. They ezplofcd the wavelet RADAR silnal
p¢ocessinll.The technique may be imix_tlnl to NASA'I SI_11p_oglam.
rKOGRI_S SUMMJUP,Y (Fygl Ac.oomplishmcnu)
/'R()(;I_F..S$ SUMMARY (Fygl A4:€_ml_ishl_nls)
(Comlnned)
II) Completed l simpliGcd m_€l [or the dynamic beam fanninI phennmenon vii
illl141nlilt_,.'nc_insscattctinLmi:Cllletl ill phuto,ch_iv= cr/Itlll. (_) A U. S. patent No. 3.0(13,934clltitlcd "Method and Appalatas G_i"See,rod l_anl, l'rns.t
_¢llC¢;Itklll" wn$ ICC_tV¢_I. "_lis invcIItit_l iS USeful b_€ Ifl_: I_t:ltU[;_li_)ll ill II_lli;tl II_li
intcrconncctlon 11'lltfiC¢l ill €€il tim¢ and I$JmpQrtanl(or lulurs:_)plicalCqlln|ltatcI lll._l'.A'tJl_,ii_1_
(_) I)cvelol)_tl €oll=bofativcanalysisicllvitk "_witk JF'Lcallcagu_ Includin| i,. (];imea. W.Tal. applications. T_n phomfcfla_:tJv¢€lyslal usedill the patent was the same as the t)ne ust:dill
W. I:'anlbanJ Pent. K. Ilwanll of US_ tile culfenl HASA RTQP wink. Tile illvcfltioll is usc[ulin the CUllCfltpl'Ol¢[I.
tl. K. lls_
(.i) Found intcr¢€lllk_nshipand alcas o( potential app|lCallOnlo( I_n systemin data formal (9) Attended thq:(:]OldOnRescalch Confclcnc= in the wcck ol i'une 16. IYOI at the Plymouth
stand;udizationp¢oltam ,)! NASA. Collcl_e. Plymouth, It11. lie plcsentcd a talk on the topic ol"scl(-amplil]cati{m in ,)pIl,:al
pattern €¢COlmition.The talk was wcll-icccivcd by about I0_ invited ckpcllS ill the Gold ,il
hoh_graphyand information processingl'romvariouscountriesincludingJapan. F_ance.l,uacl.
(4) Investigated basicncu¢ontoephicassocialivnlCtlieval p¢occs_inglhal includethe lermmal Canada, Gc,ntan, USSR, China, Sweden, and USA. Many inlc_cslmg anJ i.llX.i;,n*
atttat'tlll basedI lllpGcld mc_,J¢lia the _L%[N_CII O_the Jail i,o_mutanJ optical implcmcnlatimt techniqueswere discussedin a very inlu_mal ntmosphc,©.
_hall,:ngcs.
I,'IrlURE III_;I_RLll ;VORK rL_ (Fy92 Maim Milcsloncs)
lh l-_l_'lhurul _ilh the pholoccf,ilclive €'_1811 In_'ludin| ElaTiO. rand KHbO, on lllei!
L;,|_il.ililit._ ,d hilm_'alinl_dii|raclion _ii lhc sludicso| bcarnpola,izai_, inciJcnc¢In|_ of
I|IL" inlml _.:;tlll, €_S|a| ol_nllliOa, and spatial li|hl moduhltol chlillicl©ristial.
|-_l |nvr_iil_at©the lnllo_y bcIweelsIhe I_cu/on_olphlcpsocc_sinI snd the non|inell! dynamic
s'avc €,lupSn[ephenomcnnnin Ihcphntmcfi'sclivc clystils I'o1'tainin| • dcel_r undcfstlndin|
(_l the lundam_:nllllIpuildinltblock of Ihe SySlCm
{11 InvcslileatcIhe dlila focmil rr-€luiremcallind Ihe (_ulpUl ulilization llllodlhm of •
ml,hi4,hanncllyzlem |of the prcpustion cA"Ihc dc4itn d mespplicstion-oricnledlll'chileclule
dcsi|n,
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NATIONAL CENTER FOR
SUPERCOMPUTER APPLICATIONS
, Matthew Arrott/P.I.
NCSA
University of Illinois
• Urbana, IL
(217)244-6833
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ScientificResearchandDevelopment Prololype
AtmosphericScienceGroup InvesllgaleIheissuesandmechanicsforpossibleIntergrationof
atmosphericdataacrossscalesanduseol modellingandCompulalionalEnvironmentandApplicationDevelopmenl observationaldata
VisualizationDevelopmentGroup
.... Divideandconquer
Storm (supportedby NCSAandNSF)
Regional(supportedbyNASA)Global
Ocean
' ComputationalApplicationModel
DataGeneration
Observation
"C Modelling
;;0 Analysis
m Inspection
L"n
C2 Develop
-- Integrationo! successfulprololypeefforlsintoa sedesolrobust
applications .{;J
rrl
D'I
r'"
o
"t'i
I-
rel
,o
?I NASA MEETING I I °NCSA GOALI
NCSA GOAL I TO develop comprehensive compulaflonal research onvironmenls I
I....Ihrough the use of evoMng software technology INCSA TEAM _ l
PROJECT STRATEGY
COMPUTATIONAL RESEARCH ENVIRONMENT
I COMPUTATIONAL RESEARCH ENVIRONMENT ,,,I
Base Crileria
Inleractive
Visual
Distributed
Exlensible
Vendor supported
Silicon Graphlc's "Explorer"Software
o
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COLORADO CENTER FOR ASTRODYNAMICS
RESEARCH (CCAR)
" William Emery, P.L
Univ. of Colorado
. Boulder, CO
(303) 492-8591
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UNnrZRSrrY OF COLORAOO 
. . ..- 
ms€nOCLOWx) 
EOSOIS TESTBED: AN AVHRR DATA SYSTEM 
FOR SNOWPACK AND VEGETATlON STUDIES 
BILL EMERY. JEFF WOER PH) PWL m m  
OBJECIIVE: TO PROVIDE AN MOaI0.EWD DATA 
FOR Tne COUTC~ON. puocwm NO U(U.YS~ OF 
AVHRR OATA H)R TWO SPECIFIC 0-m 
2 STORE PnOCESED DATA AT NC*RO(( MUS S m  
3. MAKE OATA AVAIUBLE TO REKAAQ( USER CCMMlJNm ffl CR 
C F W E  AS RECUIRED 
5. DEVELOP APPLICATIONS S O W -  ffl *W WlX FOR 
WIS USES COMMUNIW O I ~ B U T E  SommizrnusERs (I.E 
. IF,fAGE PROCESSING IMAGE NAVIGATK)N IMGE M8MTU)N. 
m.1 
ORitSS!iUL FAQF tS 
Of POOR QUALITY 
I. SHO. A wr(c immg. p m s r ~ q  Pr0qf.m IhU runs an SUN 
m t Y L o n s  undr SUNTOOLYSUNVIEW (Ow) an OEC XIO) 
Z OECSHO: A rrdon 04 SHO m a  NU on OECWINWWS 
& (akin SST. SST - ia .dp. and 
-, I- WJOUIM. doud too trmwalur-. 
elad k.lgn 10 ueNvaum 
a SSM (la md war -1. UNOSAT d SPOT (30 m.ppnp). 
t 9*R (la rn.pping) 
OVnel~JkL PAGE tS 
OF BOOR QUALiPl 
Wide ArezzNclwork Connectionsat N(;,\ R
NCA I1M;Iss StorageSystems(MSS)
I Usal_eDal_'}
! 105,000lape carlrldeu In use
Totaldatailored 19 Tb)'les
Over 722,000filu
Av.railz filelength26.1hlO
<Iwo-mlnuledelivery
Mass Slorage System lllerarchy Remote Access
t MSSCuqlroll,,r ] Canlrul PalealldDll'eclory Ii I " " " : _:_J ' " :Frunl.lnd Computer ",?-"I IY" "'_,;_'_. '_'el ] '?,;Dial-Up Access
Disk Farm Y-MPS1864 IDIvi._lonai CqUil_Ule1! _ ._l l L,_J,_:'_ _'_l [i_ i_800H,,,.beri
- 120GIJIII! IJ]qlCOS . . ..... . ,[ _ _1 :
I0 .se..cacces_ ) I "
STK 4400ACS F'aSlpalh MASher6K €-',rIridge$
Abuul I m|llul¢
;I_CeSS
NASA SPAN
J IICAR Sceenld_CompullZvJD6n_lon NCARS_,_m_ O.,,_,_
,u
WD&_
|
As of this date, there are 499 days of dam
starting on March 3. 1989 - July 18. 1991.
The first images consisted only of channels 1
and 2. Now all channels are being atchived.
Current Number Of Images
_ag_ on line: 1.200 ....
Size of Image: I Megabyte
Storage SLy. 1.2 Gl_tes
Monthly Number Of Images
Images processed pet' month: 1201ruth
Processed Data Size: 120 Megabytes/m_
Daily Number Of Images
Images Proof, ted Per Day: 41day
Size of Image: 1 Megabyte
Storage size: 4 Megabytes/day
Channels I, 2. 3, 4, 5
Image Projection
Image4 at End Of Project: 4.200
Image Storage Size: 4.2 Gbyte_ _
!,
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GEOGRAPHICINFORMATIONSYSTEMFOR
FUSION AND ANALYSISOF HIGH-RESOLUTION
REMOTESENSINGAND GROUNDTRUTH DATA
Anthony Freeman/P.L
. Jet Propulsion Laboratory
Pasadena,CA
(818) 354-1887
Pascale Dubois/Co.I.
Franz Leberl/Co.L
L. Norikane/Co.I.
JoBea Way/Co.I.
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SUENTIFIC OWECIIVES 
GEOGRAPHIC INFORMATION SYSTEM FOR FUSION 
AND ANALYSIS OF HIGH-RESOLUTION REMOTE 
SENSING AND GROUND TRUTH DATA 
A Froaman, J. Way and L. Nodkane (JPL) 
F. L 4 M  (Vexcrl Corp.) 
F. Davis and Y. Wang (UCSB) 
bn)mnm4 n m  uu pounuallv masuve vo lunu~  o i  4ala lrom ramola 
y n ~ q  ~ ~ ~ l r r m u  and gr~und d a u  cothalon tor lnts 111e. In0 
appuuuona v w ~ u  mgn~ a u  me tollortnq qwsuons: 
1Y) W do I iId uu oplhum urmD(na1lom of d a u  lo study 
mmgr In a g m n  O m g m o p ~ u d  p u ~ . t w ?  
h)) n o u 4 0 l r t r u h . l M n u D 7  
meqnnon o( GD an4 Spudxed  Im8qO Pmusa~ng Y W  UPL 
V U C U )  
Ji:L o,_v_...,.:
,.J_L s_f.out.[ _¢om" ) "
Tuk _ _w •
7. 08w Prem_raUantot _ S_uOyI 1. Case Sludy 1: Rmtporu,lourn,_Paper
SAR=aim=GaoCzxlinq(Vezr,._) 07/9"2 2. Case Sluay I1:R_oon/JoumaiPaper
AVIRIqdal,ll (JPL) 08/112 3. _ 0etcllgUon DocumentG/ound TruUtdaLllformaitin_ (JPt.| 0Sk92
r_ _ g_ (UC_8) OSnl2 4. Uw's G_
e. oau=F.n=ry(CaN SmQ'y_ (JPt.) 1_
L O=-, _= (C,t_ S_ U)(,ll=t..UC:IS)
[ztxrll¢_radN' DlmlI_I fromI 11/92
__ I sots 12,,'92
_n_ €orm=oa_nm_ 1_
_¢I C;as_tk:mmnI
SonmuvNy _
_ VaiIdaIIon
OD_m_zI_s_n _3
Y_r'ttiS/WOtlCttl_ik_n Oocuntr_ 11nl4
w.u Us_'s Gtw_ w SfW 12.'M
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QEDGRAPI'.C INFORMATION SYSTEM GEOGRAPHIC INFORMATION SYSTEM
• UP..Sil RAOAR MQOE/ • _ RAOAR MQOFJ. • 8ACX_vATIT.R COMPONENTS
• UC38 RAOAR MDOFJ4S) ARE INS'TAJJJi9 ON THE SPARC_
STA_ AT JPt.
" MODF'L5 --E DEYELOPED FOR STUDIF"_ QF MI" '_tASTAF<)R .STS ._.._ ..._
• CURRENT EFFORTS ARE FCCUS._ ON: "_-- /
• ENSURINGTHATTHECONTINUOUSANDDISCRi:'TE _ !_'_/_ _/
FOREST CANOPY MDDEL_I AGREE IN THE LIMIT ___ ..__.... ._"*--_"
, • ADAPTING THE MOOEL FOR THE TYPE OF TREE.IJ .__ _
FOUNO V4 ALASXA
• GENERATING SIMULATED RADAR MF.ASUREMENTS _" -- -_' --" "_'--" _ " _"._L _'__
4
FROM 80NANZA CREEK GROUND TRUTH DATA _ _m_ ------ ..... .....
WILL lie USED TO FILL POLYGONS IN THE Gle TO _ " ' -
GERERATE SIMULATED IMAGE5 -'%%" ."_" "-."='. • - .........
-_-! L.
ORIGINAL PAGE tS
OF POOR QUALITY C)-71
APL APL
GEOGRAPHIC INFORMATION SYSTEM ;. - . GEOGRAPHIC INFORMATION 5YSTEf.i
• CLASSIFICATION ALGORn'HMS (FOR RADAR 0&TA) • VISU.AL.IZ.tTIONSAN A;_) ANALYSIS TOOLS
• FIRS'I" STEP t_lTHE REDIJCTION OF POL.ARIMb-'rRK_ RAOAR • PVWAVE IS IN._TALLE0 ON THE SPAHCS .<;TATIDt4
IMAGE DATA TO FIVE BAS;C QUANTITIES FOR EACh1 (GRAPI_€_ RG8, PERSPEGT1VES, ETC.)
FRf0UENCY (HHo)'IV. VV, ARCM'HHVV') A/CO IHHVV'I) . NO _ WITH VICAR YET ,
• "t_ll_ _VES lS "_-IJU¢NEL_" FOR EACH RADAR iMAGE SET • I_0LTOOL 5/W • FOR PQLAHIMETRIC RADAR DATA
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• Standards conformln t
NCAR Graphics - ANSI (_ and FORTRAN 77
- (]KS and C(;bl
• Portable
- UNIX and VMSBob Lackman
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•PRO3EL-'T SUMMARY
The objective of this work is to illustrate the conceptof incrementalaccess to distributed databases. |
An experimental database management system, ADMS, which has been developed at the University of
Maryland, in College Park, uses VIEWCACI-tE, a novel databaseaccess method based on incremental
s_a"eh. VI_WCACI'_ is a pointer-based access method that providesa tmiform interface for accessing
distributed databases and catalogues. The compacmessof the pointerstructures formed during database
browsing and the incremental access method allow the user to se.ar_ and do inter-database cross-
referencingwith no actualdata movement betweendatabasesites. Once the search is complete, the set of
collectedpointerspointing to timdesireddataredeseferencefl.
One of the most attra_ve features of VIEWCACHEis its versatility in providing External Multi
Gateway Access to commercialdatabase sewers, such as INGRF..,S,ORACI.H,and SYBASE, supporting 1
existing and independendy maintained databases. We have designed and implemented a Client-Server
Database Management System Architectmmwhich utilizes powerful workstations for mana._ing inter-
database queries and eaclaeddata. The workstation envimrtmemprovides the "glue" for interoperadng
otherwise foreign environments. Gateway database access methods are enhanced by the incremental
techniques of VIHWCACHHfor cachinglocal subsetsof usefuldma. [
VIEWCACHEis especially suited for distributed scientificdatabases maintained on commercial
database systems. Seieaxtist,who search suchlarg_ catalogueddatabases,cannot write complete queries
because searclais defined duringbrowsing. CurrentcomputeranddatabasetechnologyaUowsa user only
to browse a single databaseat a time. It is, however,extremelyuseful to be able to browseand correlate
data sets from multiple data servers. During browsing,there is no need to move data from one database
to the next m compare anddo cross-referencing;instead, VIEWCAa-IEcreates a workingset of pointers
to the data sets or records that are candidates for the finalretrieval. The working set is condnuously
• refined until the user finds the exact data sets he needs. Furthermore,VIHWCACHHallows the creation
of mixed breed views from several data sets and cachingof themonto me users workstations. Such new
data sets providevalueaddedto theexitingdata. [
Another feature that ADMS supports is spatial search on image data sets. This capabiiity is not
offered by commercial DBMSbut it was absolutelynecessaryforsearching for objects in a giver "view
D-88 - 1 °
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field." Spatial search is based on R+-trces, an established access method. The indexing technique we are
planning to support, provides for very efficient search over large databases of spatial objects.
The concept of VIEWCACHE has been demonsu-ated with the various traditional database bench-
marks (like the Wisconsin benchmark); we propose to investigate and develop extensions to ADMS m
,, make our system suitable for accessing very large space data sets. Clearly, NASA's huge numbers of dis-
tributed data sets coUected from space and ground stanons cannot be supported .by existing distributed
, commercial distributed database systems becausetheym_ unnecessary and bulky data movements.
VIEWCACH_ on the other hand, provides an inexpensive processing without interrupting the indepen-
dence of existing and autonomous databases.
-2 - D-89
TECHNICAL OBJECTIVES
M
Our objective is to illustrate the potential of the incremental access of VIEWCACHE in a real
NASA environment of distributed databases, in particular on a coUection of Astrophysics databases. The
compacmess of the VIEWCACI-IE pointer structures formed during database browsing and the incremen-
tal access method allow the user to search and do inter-database cross-referencing with no actual dam
movement between database sires. Once the search is complete, the set of co£1ected pointers pointing to
the desired dam am cached. This will provide a uniform user interface to a large number of databases
using the VIEWCACKE concept, and the Client-Server Architecnu'_. We will also examine ways to
interface VIEWCACI-I_ with the DAVID system and its library-based access methods for providing
access to Heterogeneous and Distributed Databases.
In more detail the following technical objectives will be sought during the next three years:
(I) An extension of the physical pointer sn'ucture of VIEWCACH to a logical one. This will permit
VIEWCACHE todo inmr-machinepoinmrreferencingacrossa communicationnetwork(Localor
Wide AreaNetworks).AccessofheterogeneousDBMSs willbe doneby gatewaysoftwarebased
ontheSQL language.
(2) Investigam features and characteristics of various Client-Server DBMS architectures and measure _'
ttum- performance under a wide variety of key parameters, including speed of the storage media,
speed of the CPUs, network transfer rau_.
(3) Incorporam a spatial access methods and accordingly extend the SQL query language to include
spafial search and operators which deal with imagery databases.
(4) Design and develop a user inmrface and the appropriate tools to facilitate handling and distribution
of data sets and documents. The Astrophysics environment will be the first to rm-gerthis interface.
Other environments will also be investigated and appropriate tailoring of the interface will be
attempted.
interface VIEWCACHE with DAVID, the Distributed Heterogeneous Database 1(5) Investigate waysto
System developed at Ooddafd.
Work on this projects has already started on the items I, 2, and .3from above. We have been experi-
menting with Oracle DBMS on the subject of logical pointers. We have also developed simulation
°3°
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packages for evaluating alternative Client-Server Aschitectums for DBMSs. Experiments are currently
being contacted with very large simulation runs.
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(SAMS)
Charles Vermillion/P.I.
Univ•of Chicago
Chicago, IL
Paul Chan/Co.L
John Hill/Co.I.
Robert Jaske/Co.L
Gilbert Rochon/Co.I.
Fran Stetina/Co.L
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STATUS REPORT
SPATIAL ANALYSIS AND MODELING SYSTEM (S_MS)
P.I. - Charles Vermillion, GSFC, Code 970.1
Co.Z. - Fran Stetina, GSFC, Code 970.1 •
- Paul Chan, Science Systems & Applications, Inc.
- John Hill, Houston Advanced Research Center
The objective of this project is to develop a uniform
environmental data gathering and distribution system to support
a) emergency management for environmental disasters, and b) the
calibration and validation of remotely sensed data. Initial
activities will be to selec_ a data test site and to demonstrate
multi-discipline applications using simulated or satellite data
in a non real-time mode.
The investigators have arranged collaboration with the CERL
Laboratory of the Corps of Engineer (COE) in integrating%its
Geographic Information System (G!S), the Geographic Resources _:
Analysis Suppor_ System (GRASS), into SAMS. CERL will also
provide hydrological models (HEC-i and If) to be integrated into
SAMS. The collaboration with _he Federal Emergency Management
Agency (FEMA) will allow this project to tap into FEMA's
resources in GIS and emergency management tools.
We chooseto use rainfalland floodingas the test,beds for r
the SAMS conceptbecauseof the abundanceof data and the
availabilityof models. We will integrateinto SAMS (in a UNIX,
GRASS and X-Windowsenvironment)capabilityto display and
process GOES data and analyzeGOES generatedrain-ratemaps.
GRASS is compatiblewith the majorityof the data to be inputto
the selectedhydrologicmodel (i.e.topography,land-use,soils,
rainfall,stream gauge,etc.). The choiceof the data test site
has been narroweddown to WestVirginiaor Galveston,Tx, based
on the availabilityof test data.
The expected results in six months are:
a) Design concept of SAMS,
b) Demonstration of a pilot module, and
c) Project implementation plan based on _he pilot demonstration. ,t
I
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PRINCIPAL INVESTIGATORS PRESENTATIONS
INTRODUCTION TO CADET
CENTER FOR ADVANCED DATA
EVALUATION TECHNOLOGY
. •
Cathy Schulbach/P.L
NASA AmesResearch Center
Moffet Field, CA
C. Jorgensen/Co.L
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TECHNOLOGY PROBLEM
INTRODUCTION TO CAD ET il__ _lpprox. '_ I_Q O| EOS sensor da,aWp -,, can be Iransmllted
Center Ior Advanced Data /
EvaluationTechnology
_.,,j
Calhy Schulbach/€ .1-_,,,,.,_ 1
TI2519!
klfofmelOOn Ikl4nco0 _ _fofmnllon Scie_ee
_,_ ...... _ CADET oJ,,Islo.,_..,.,r ," CADET 01,,slot,
Lm
IllO HUMAN PROBLEM
Z
"d OUTLINE __l__
_' • INTRODUCTION
rrl • GOAL DATA COLLECTION
. CADETOVERVIEW
r" OBJECTIVES
• APPROACH A UNDERSTANDING
. KEY CADET FOCUS
;Z . FUTURE MILESTONES F//L-_'J_I_O Itr'-
_I_ Inlormallon _:lel_€ll _ I_lormallon Sciencesr.3 _ CADET 0,.,.,o. o,.,.,o.
o.,,-,,, _i ,,,........_. ,......., ./........... CADET
',,oL_
r F CADE,
IMPLICATIONS
• The "BRUTE FORCE"melhod el trying to collect, save, and .
analyze "everylhlng" Is Intractable and may not produce
the best science.
Smarter and more automated approaches are required.
Jp0 MFPE_
Earth And Space Based phenomena
blofmailon kbi_¢III I_ blOrmltlOn SciencesCADET Dt.,s,,.. CADET o,vI,Io.
GOAL OBJECTIVES
• Inlegrlle existing work In neural networks, photonlcs,
DEVELOP AND DEMONSTRATE IMPROVED METHODS OF parallel processing, and dependable systems.
IIANDLINO LARGE SCIENTIFIC DATA FLOWS RE_',ULTING
FROM CURRENT AND PLANNED NASA MISSIONS. Develop, last, end evaluate new concepts for
model-capturing and novelty detection mechanisms (e.g.
Real-time neural not learning).
• On-board • Implement advanced dale analysis lechnology using
advanced processors (e.g. optical processors, IWARP,
ES-KIT).
kilo(marion Scllncii _ Inlofmlllorl SciencesCADET o,.,.ao. CADET o,.I.,o.
F f
ELEMENTSOFTHE MODELLING PROCESSAPPROACH
Focus on common problems of Importance fo major NASA • Developing a model from data _^^^^, ^_ ^]_
missions (e.g. MTPE, MFPE). numerical analysis
Damonslrala lechnology advancements f|rsl with Bayesian estlmallon i ,
ground-based systems and Ihen move Io on-board, neural nelwork learning
real-lima platlorms. --,
• Applying a model _ :, --"'-"
• Capitalize on ezlsling capabilities and programs: Ames
Advanced Data Systems and SoflwaraTest Facility sxpsctetl0ns vs. observations--prediction
{includes DARPA teslbed) and the High Performance novelfy detection--A, changeCompullng and Communication Program.
• Coordinate with NASA and non-NASA agencies. • Developing algorithms ,,
mapping to computer archlleclures
opllmlzlng performance
InformellOn S¢lencol
_.,... _..,.. =... CADET Division _ InformallonSclenc|==j=,,..,,, ._ _.......,_=.. CADET .,.,.,o.Oll I_HI p It
f f • im
( KEY CADETFOCUS: / FUTUREMILESTONESTranslatingDale Inlo UsableForm
• Usa the Failure Envhonment Analysis 1"oo|(FEAT) to
model a sensor system.
sensors • Dsmonslrale Ihe use of sensor overlays to display earfh
I science data.
• Demonstrate the ablllly of a neural network front end Io
_/ automatically capture underlying regularities In a
real-world sample of speclrogrephlc sensor data.
FY93
• Develop parallel code Implementing a novelly filler to
redirect a data recording device to dynamically respond Io
knowledge bases FY94
.Inlerpolallon visualization
• Validate Ihe above concepts on Ihe Ames Advanced Data
I -predlcllon human Interpretation Syslems and Software Teal Facility.
Jallowntallorl 8cJ#r_#l
, ......... _ CADET n,.,,lo,, ._ _ CADET _,o,_,,,o.sol... .Division )
o
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• FLIGHT PROJECTSOFFICE
INFORMATIONSYSTEMSTESTBED
(FIST)
PatriciaLiggett
Jet PropulsionLaboratory
Pasadena,CA
(818) 357-4619
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o .,,.,. Goal JpL"11 ............. JPl _ -, ....................................... --
• FIST reduces risk by providing supporl Ior:
c 2o Fligld Projects Office
_ • Requiremenls Clarillcatlon
_r-:__ InlomlnationSystems Testbed . go,to.Ve,,dat,o.,(FIST) • Des,o.Evo,u,,o.
P. |lggel|
"O
trl
Ili
_3
=- I ST
-Goal _IpL__ -- 'F I _ '
_ .'
Secu¢lly Syslems
= 1"oilel|orln Iochnology evaluallon and r-,po,,sv,,.,., .pJr Le,,.,..,u., A==.==
r-" l_iololyl)ing el hdorlnalion syslems Io
Z SUl)lmll SFOC and JPL IIIghl proleclsIn I.^N'_ ^ .. I =..,.,.,.- N .-- N_.
:_ order to reduce risk hr the development el _ i_j_operalional dala systems for such proJecls.
0 TI kl oK;li_cO/|41oopelsllonl
,-_ G#lphl¢ll Gill Mlnllgemlnl
0 US¢I kllll|aCV Wolkl;al_ :"'t
i-r]
rrl
_" ............................................. ._JP.L
•-.L;riteria JPL__ [] SYSTEM BUILDING BLOCKS
_l)l)lie(I resealchmiddevelopmenlusing
c(Jmluerclallyavailableproductsand m Open SyslemsArchllecture
sysleins. ""
R [_eslllls el prolotypesandevaluallonsare am ServerlCIientModel
0Ol)O0ledIn lira FISTQuarlerlyReporland
wesenled duringdemonslrallons, in Iterallve DesignandDevelopment
n FISTguidelinesare providedbySFOC
compatibllilyrequhemenls, i CommercialandPublicProducts
I'll Ir II,INI
........ ,,, , , Jr=l., -
-.Quarterly Reports-- _ JPL----_ I [] OPEN SYSTEMS ARCHITECTURE
_l FIST QuarterlyandSFOCPrototypeInterim nm LimitedConstraints
FleportsareavailableIhrough:
FPSOLibrary am Well DellnedInterlaces
Mall StopT-t607
Jet PropulsionLaboratory
4800OakGroveDrive nm Data Formal Agreement
Pasadena,Calilomla 91109
i Soil ServeversusHardFreeze
IAII/ IO.IIII
................. JPL ..... .
• SERVER/CLIENT MODEL -.Technology Transfer -pL--
• Limiled and Well Delined
hllerdependance Feed Forward
• Loosely Coupled (rololype_f Piiol "_ Projecl'_
• Services Provided Io Requesllng Cllenl
• Role Reversal Feed Backward
Ill| IO, Illl
, JP_, .
l! ITERATIVE DESIGN AND
DEVELOPMENT
• Provides Users wllh Early
View o! Syslem
• Adapllveto ChangingTechnology
andRequlremenls
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